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A PROCESS TO STUDY CHANGES 
IN GENE EXPRESSION IN T LYMPHOCYTES 

Inventors: Yatindra Prasbar and Sherman Weissman 

This application is based on provisional application 60/084,329, filed May 5, 
5 1998, which is incorporated herein by reference in its entirety. This application is 
related to applications serial No. 08/510,032 and serial No. 08/688,514, both of which 
are herein incorporated by reference in their entirety. This application is also related 
to provisional applications serial No. 60/056,844 (Atty. Dkt. No. 044574-5003) and 
serial No. 60/056,861 (Atty. Dkt. No. 044574-5014) which are herein incorporated by 
1 0 reference in their entirety. 

Technical Field 

This invention relates to compositions and methods that are useful to identify 
agents that modulate the response of T lymphocytes (T cells) to a variety of foreign 
antigens and superantigens, and to modulate the role of T lymphocytes in immune 
15 deficiency diseases, cancer, tissue transplantation and immune disorders. The 
invention also relates to compositions and methods of identifying agents that 
modulate the differentiation of prothymocytes into specific T lymphocyte 
subpopulations. 

20 Pa^Kgrpqpd pf th<^ Iny^ntiop 

The inmnme system is organized to solve the problems of rapid and specific 
recognition of an enormous number of potential antigens by cell-to-cell collaboration 
and by clonal expansion of cells specific for a given antigen. The inmiime response 
depends on T lymphocytes acting at various steps. One significant cell-to-cell 

25 collaboration in which T lymphocytes take part is the interaction between antigen 
presenting cells such as macrophages. Another significant cell-to-cell collaboration is 
between T lymphocytes (helper T lymphocytes) and antibody producing B cells. In 
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both of these collaborations, the ability of T lymphocytes to respond in an antigen- 
specific manner is central to the strategy of the immune system. 

Besides recognizing foreign protein antigens, T lymphocytes also retain a 
functional memory of virtually all self-proteins which enables then to distinguish 
5 between self and nonself antigens. T lymphocytes are bom in the bone marrow and 
mature in the thymus where they learn tolerance to self antigens. It is this ability to 
recognize self fiom nonself antigens that allow T lymphocytes to recognize and 
respond to potential invaders. 

T lymphocytes are divided into subpopulations on the basis of function and 

10 phenotypic markers. Different T lymphocyte subpopulations function to help in 

antibody formation (T helper cells, Th), to kill target cells (T-cytotoxic cells, Tctl). to 
induce inflammation (T-delayed hypersensitivity cells, Tdth)> and to inhibit inmiune 
responses (T-suppressor cells, Tg). T helper cells are further divided into two major 
subpopulations: T„, and T„2. Thj cells fiinction primarily as helper cells for induction 

15 of B-cell proliferation and differentiation to IgG-producing plasma cells; whereas 
cells produce factors (eg., interleukins) that induce B cells to differentiate and 
produce IgE and IgA, Thi cells may further differentiate into Tdth cells that are 
responsible for the inflammatory effects of T lymphocytes (e.g., delayed 
hypersensitivity, cytotoxicity) and secrete inflammatory mediators, such as 

20 lymphotoxin and interferon-y (IFN-y). cell products may also stimulate 
differentiation of other white blood cells such as eosinophils and basophils. 

T lymphocytes respond to antigen by cell activation and proliferation. This 
activation and proliferation coincides with a release of many effector molecules (e.g., 
interleukins) that activate or deactivate other lymphocytes, contribute to immune- 

25 mediated inflanunation (lymphokines), or interact with other cell types. For instance, 
interieukins produced by Th cells are required to induce activation and differentiation 
of B cells. At least 20 different interleukins have now been identified and are 
numbered fix>m interleukin-1 (IL-1) to interleukin-20 (11^20). T„, cells produce IL-2, 
IFN-Y and tumor necrosis factor in response to antigen stimulation, whereas Thi cells 

30 synthesize IL-4, IL-5 and IL-6. Activation and differentiation of Tctl cells result in 
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the appearance of cytoplasmic granules (secretory lysosomes). The Tctl granules 
contain perforin, granzymes, and proteoglycans that act to lyse or kill other cells. 
Therefore, the T lymphocyte population not only contains a variety of effector cells, 
but also is the master regulator of the immune system; the T lymphocyte is the 
5 director of the immunological orchestra of cells and proteins. T lymphocytes function 
to turn off or on other cells in the immune system via T suppressor cells, T helper 
cells and T contrasuppressor cells. STEWART SELL, Immunology, 
IMMUNOPATHOLOGY & IMMUNITY 30-33 (1996). T lymphocytes regulate (directly or 
indirectly) virtually all aspects of host immune resistance to infection, which include 

10 macrophage activity, antibody synthesis, synthesis of other inflammatory proteins, 
generation of inflammatory cells in the bone marrow and their recruitment into the 
circulation, and differentiation of other effector and regulatory lymphocytes. 

The release of effector molecules and other changes in T lymphocytes during 
activation are preceded by changes in the expression levels of many genes. The 

15 regulation of expression levels of numerous T lymphocyte genes has been an area of 
extensive study (see Ullman et al, (1990) Ann. Rev. Immunol, 8: 421-452 and Kelly 
etal, (1995) Curr. Opin, Immunol 7: 327-332). The present inventor has utilized the 
analysis of differential gene expression on a more global level, as opposed to the 
analysis of the expression levels of individual RNA species, to provide simultaneous, 

20 near-quantitative information about the levels of gene expression for the multitude of 
genes whose expression levels are modulated during T lymphocyte activation. 

Sttmrnftrv of the fay^ntiQB 

While the role(s) of T lymphocytes and T lymphocyte subpopulations in 
cancer, infectious disease, and autoimmune and immunodeficiency disorders have 
25 been subject of intense study, the techniques of differential gene expression have not 
been exploited to identify therapeutic or prophylactic agents that modulate the 
response of T lymphocytes in these various roles. The present invention provides an 
approach to systematically assess the transcriptional response firom lymphocytes 
activated through contact with a pathogen or from T lymphocytes isolated from a 
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subject with an infectious diseases, immune disorder, GVHD or neoplasm involving T 
lymphocytes. 

One preferred embodiment relates to a method to identify a therapeutic or 
prophylactic agent that modulates the response of a T lymphocyte population to an 
5 antigen. This method comprises the steps of (1) preparing a first gene expression 
profile of a quiescent T lymphocyte population; (2) preparing a second gene 
expression profile of a T lymphocyte population exposed to the antigen; (3) treating 
the exposed T lymphocyte population with the agent; (4) preparing a third gene 
expression profile of the treated T lymphocyte population; (5) comparing the first, 

10 second and third gene expression profiles; and (6) identifying agents that modulate the 
response of a lymphocyte population to the antigen. 

The invention also relates to a method to identify a therapeutic agent that 
modulates a T lymphocyte population found in a subject having a sterile inflammatory 
disease, autoimmune disorder, immunodeficiency disease, cancer or grafl-versus-host 

15 disease (GVHD). This metihod comprises the steps of: (1) preparing a first gene 
expression profile of a T lymphocyte population in a subject having the sterile 
inflammatory disease, autoimmune disorder, immunodeficiency disease, cancer, or 
GVHD; (2) treating the T lymphocyte population with the agent; (3) preparing a 
second gene expression profile of the treated T lymphocyte population; (4) comparing 

20 the first and second gene expression profiles with a gene expression profile of a 
normal T lymphocyte population; and (5) identifying an agent that modulates a T 
lymphocyte population found in a subject having a sterile inflammatory disease, 
autoinunune disorder, immunodeficiency disease, cancer, or GVHD. 

In yet another aspect, the present invention relates to a method of diagnosing a 

25 sterile inflammatoiy disease, autoimmune disorder, immunodeficiency disease, 
cancer, or GVHD in a subject. The method comprises the steps of: (I) preparing a 
first gene expression profile of a T lymphocyte population firom the subject; (2) 
comparing the first gene expression profile to at least one second gene expression 
profile from a T lymphocyte population fi-om a subject having a sterile inflammatory 

30 disease, autoimmune disorder, immunodeficiency disease, cancer, or GVHD and to a 
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third gene expression profile of a normal T lymphocyte population; and (3) 
determining if the subject has a sterile inflammatory disease, autoimmune disorder, 
immunodeficiency disease, cancer, or GVHD. 

Another aspect of the present invention relates to a method of identifying 

5 therapeutic or prophylactic compounds that modulate a T lymphocyte population that 
arises from a genetic defect or mutation. This method comprises the steps of: (1) 
preparing a first gene expression profile of a T lymphocyte population that anses fioni 
the genetic defect; (2) treating the first T lymphocyte population with the agent; (3) 
preparing a second gene expression profile of the treated T lymphocyte population; 

10 (4) comparing the first and second gene expression profiles with a gene expression 
profile of a normal T lymphocyte population; and (5) identifying agents that modulate 
a T lymphocyte population that arises fix»m a genetic defect. 

In contemplated variations of the foregoing methods, relevant data from, e.g., 
the first or second (or third) gene expression profile as shown by the positions 

15 and intensities of bands on a gel or the quantity, intensity and relative elution position 
from a column) may be compared with corresponding relevant data with data that has 
been stored in an electronic or co^^}ute^-readable format. For example, a data base of 
the gene expression profile of quiescent T cells may be used to compare the gene 
expression profile of T cells that have been activated by exposure to any particular 

20 antigen. Similarly, a gene expression profile of a T cell population exposed to an 
agent that is being evaluated as a candidate agent to modulates the response of a T 
lymphocyte population to an antigen can be compared to a data base of the gene 
expression characteristics of a gene expression profile of a T lymphocyte population 
exposed to that antigen. 

25 Thus, the present invention also relates to a method to identify a therapeutic or 

prophylactic agent that modulates the response of a T lymphocyte population to an 
antigen, comprising the steps of: (1) preparing a first gene expression profile of a T 
lymphocyte population exposed to the antigen; (2) treating the exposed T lymphocyte 
population with the agent; (3) preparing a third gene expression profile of the treated 

30 T lymphocyte population; (4) comparing the first and second gene expression profiles 
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with a data base containing the corresponding gene expression profile information 
from a quiescent T lymphocyte population not contacted with the antigen; and (6) 
identifying agents that modulate the response of a lymphocyte population to the 
antigen. 

5 The present invention also relates to a method to identify a therapeutic or 

prophylactic agent that modulates the response of a T lymphocyte population to an 
antigen, comprising the steps of: (1) preparing a first gene expression profile from a T 
lymphocyte population that has been exposed to the antigen and with the candidate 
therapeutic or prophylactic agent; and (2) comparing the first gene expression profile 

1 0 with a data base containing the corresponding gene expression profile information 
firom a quiescent T lymphocyte population not contacted with the antigen and, as 
appropriate, also comparing the first gene expression profile with the corresponding 
gene expression profile information from a T lymphocyte population that was 
contacted with the antigen but not contacted with the candidate therapeutic or 

15 prophylactic agent; and (3) identifying agents that modulate the response of a 
lymphocyte population to the antigen. 

In a similar fashion, it is contemplated that the gene expression profile 
information Scorn the "firsf gene expression profiles in the methods summarized 
above, j.e., finm quiescent or fixjra diseased but untreated T lymphocyte populations, 

20 can reside in a data base to which the gene expression profile information of the 
"second" gene expression profile may be compared. 

Such data bases also reflect another aspect of the present invention and these 
data bases may contain data based on one or more separately prepared profiles and 
fiirther may reflect averaged or normalized or otherwise manipulated information. 

25 When comparisons are made using data that reflects the average of separately 

prepared profiles, an average prepared fit)m two separate profiles in preferred, more 
preferably fix)m three or four such profiles, and most preferably from five or more 
such profiles. One skilled in the art will know how to prepare and manipulate the 
information in such data bases in order to maximize the practical value of the data 

30 contained tiierein. 
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In an article of manufacture aspect, the present invention relates to a grouping 
of nucleic acids affixed to a solid support, said nucleic acids preferably represent the 
genes or firagments of genes (or corresponding cDNAs or RNAs) whose expression 
levels are modulated in a T lymphocyte population that arises, e.g., from exposure to 
S an antigen; are modulated in a T lymphocyte population found in a subject having a 
sterile inflammatory disease, autoimmune disorder, immunodeficiency disease, 
cancer, or GVHD; or are modulated in a T lymphocyte population arising from a 
genetic defect. 

In yet another aspect, the present invention relates to an isolated nucleic acid 
10 molecule comprising the structure: R-X-R*, wherein X is the novel DNA sequence (or 
corresponding RNA sequence) or novel portions thereof as identified in SEQ JD NOS. 
16, 22, 24, 25, 3 1, 33 or 34; and wherein R and R' are sequences contiguous with X in 
nucleic acid firagments which specifically hybridize with X. 

Brief Descnption of the Drawings 

15 Figure 1 presents autoradiograms of the expression profiles generated &om 

cDNAs made with RNA isolated from quiescent Jurkat cells treated with either 12-0- 
tetradecanoylphorbol-13-acetate (TPA) and phytohemagglutinin (PHA) or ionomycin 
and TPA. 
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5 (A) All possible 12 anchoring oligo d(T|8)nl, n2 were used to generate a 

complete e7q)ression profile for the restriction enzyme Bgl U, Expression profiles were 
also generated, and yielded analogous results, using all possible 12 anchoring oligo 
d(T,g)nl, n2 for each of the following restriction enzymes: Xball Spel Ncol, Hind III 
BamHI and Xbal, (B) Figure IB is an autoradiogram of dilutions using RP 8.6 

10 wherein the cDNAs have been digested with Hind IIL 

Figure 2 is a three dimensional and generalized graphical representation of 
gene expression in (a) quiescent T lymphocytes; (b) gene expression in activated T 
lymphocytes; and (c) the differences in gene expression between quiescent and 
activated T lymphocytes. 

15 Figure 3 represents quantitative differences of specific cDNA bands from 

display gels of quiescent versus activated T lymphocytes (Jurkat cells). Clone TAl 
(SEQ ID NO.l) JkAl (SEQ ID N0.2) TAl (SEQ ID NO.l) JkA2 (SEQ ID N0.3), 
JkA3 (SEQ ID N0.4) JkA4 (SEQ ID N0.5) JkA5 (SEQ ID N0,6) JkA6 (SEQ ID 
N0.7) JkA7 (SEQ ID N0.8) JkA8 (SEQ ID N0,9) JkA9 (SEQ ID NO.IO) JkAlO 

20 (SEQ ID NO.l 1) JkAll (SEQ ID N0.12) JkRl (SEQ ID N0.13) 

In each panel, the left lane is a cDNA band from untreated T lymphocytes and the 
right lane is the corresponding cDNA band from activated T lymphocytes. In panel 7 
(not panel 7(a)), peripheral blood T lymphocyte RNA was used for RT-PCR. 



25 



Figure 4 is a table of the cDNA bands of Figure 3 that correspond to mRNA 
species that are differentially expressed in the quiescent Jurkat cells and in activated 
Juikat cells. 
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Figure 5 presents summary data for mRNAs that are differentially expressed in 
activated versus quiescent T cells and the identity of cDNAs corresponding to said 
mRNAs. Although not represented in the figure, the inventors have identified yet 
another sequence (SEQ ID N0.34) that corresponds to a differentially expressed 
5 mRNA. 

Modes of Carrying Out the Invention 

General Description 

The response of T lymphocytes to antigens, superantigens, allografts and 
xenografts, T lymphocyte fimction in autoimmune and immimodeficiency disorders, 

10 as well as T lymphocyte neoplasms, is a subject of primary importance in view of the 
need to find ways to modulate the immune response. Similarly, the response of T 
lymphocytes to agonists (pro-inflammatory molecules), such as IL-2, is a subject of 
great importance in view of the need to find better methods of controlling 
inflammation brought about by various disease states. 

1 5 One means of assessing the response of T lymphocytes to antigens, as well as 

determining differences between diseased lymphocytes versus normal, is to measure 
the ability of T lymphocytes to synthesize specific RNA de novo either upon contact 
with an antigen, allei^en or pathogen or the state of RNA message in T lymphocytes 
found in different T lymphocyte disorders. 

20 The following discussion presents a general description of the invention as 

well definitions for certain terms used herein. 

Definitions 

As used herein, 'T lymphocyte population", also referred to as a *T cell 
population", refers to any population of T lymphocytes obtained fi^m a variety of 
25 sources, such as mammalian (e.g., human) spleen, tonsils and peripheral blood. See 
Lewis et a/.. (1988) Proc. Natl Acad. Set., 85: 9743-9747. T-cell clones, such as a 
Jurkat cell line, may also be used. Such T lymphocyte clones are numerous and 
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commonly available (see Research Monographs in Immunology^ eds, von Doehmer, 
H. and Haaf, V.; Section D: "Human T-Cell Clones", vol, 8, pgs. 243-333; Elsevier 
Science Publishers, N.Y.[1985]), 

As used herein, "quiescent T lymphocytes" refers to resting T lymphocytes 
5 that have not been activated by exposure to an activating agent, pathogen, mitogen, 
inamxmogen, allergen, antigen or superantigen or any other agent that induces a 
change in T lymphocyte mRNA expression. 

As used herein, "activated T lymphocytes" refers to T lymphocytes which 
have been exposed to an activating agent, pathogen, mitogen, immunogen, allergen, 
1 0 antigen, superantigen or any other agent that mduces a change in T lymphocyte 
mRNA expression. 

As used herein, 'Thi" refers to the subpopulation of T helper cells which 
secrete IL-2 and interferon y (IFN-y), but not IL-4. T„, cells also secrete IL-3 and 
granulocyte-monocyte colony-stimulating factor (GM-CSF). 
15 As used herein, 'T^- refers to the subpopulation of T helper cells which 

secrete IL-4, IL-5, but not IL-2 or IFN-y. Th2 cells also secrete IL-3 and granulocyte- 
monocyte colony-stimulating factor (GM-CSF). 

As used herein, 'Tdth refers to the subpopulation of T lymphocytes that 
initiate delayed hypersensitivity reactions and express, amongst others, the following 
20 markers: TCR, CD4, IL-2, and IL-3. 

As used herein, Tcxl refers to the subpopulation of T lymphocytes that lyse 
specific target cells. Ten, cells express amongst other markers: TCR and CDS. 

As used herein, Tj refers to the subpopulation of T cells that suppress inmiune 
responses; these cell express amongst other markers: TCR and CDS. 
25 As used herein, "cortical T cells" refers to T cells which express CD7, CDS, 

CD2,andCD38. 

As used herein, **medullary T cells" refers to T cells which express CDl , CD3, 
CD4, CDS, CDS, CD2, CD7 and CD38. 
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As used herein, ^•peripheral T lymphocytes" refers to T lymphocytes which 
circulate through the blood and other non-thymus lymphoid organs and express either 
CD4 or CDS. 

As used herein, '*NK cells" refers to a class of lymphocytes that do not bear 
5 markers for either T lymphocytes or B cells, but includes natural killer (NK) cells. 
'*NK cells" express amongst other markers FcR, CD 16, perforins and granzymes. 

As used herein, 'TIL cells" refers to tumor infiltrating lymphocytes extracted 
from tumor tissue. 

As used herein, "LAK cells" refers to lymphokine activated killer cells that do 
10 not bear T lymphocyte maAers, are not MHC restricted, lyse cell lines resistant to 
natural killer (NK) cell killing, and are effective in reducing large tumor cell masses 
in mice. STEWART SELL, 919 (1996). 

As used herein, the term "antigen" refers to a substance that elicits an immune 
response and can include superantigens. 
15 As used herein, the term "stoile inflammatory disease" refers to any 

inflammatory disease caused by immtme or non-immune mechanisms not directly 
linked to infection (see Stewart SELL 1996). Examples of sterile 
inflammatory diseases include, but are not liuDuted to psoriasis, rheiunatoid arthritis, 
glomerulonephritis, asthma, cardiac and renal reperfusion injury, thrombosis, adult 
20 respiratory distress syndrome, inflammatory bowel diseases, such as Crohn's disease 
and ulcerative colitis and periodontal disease. 

As used herein, the term *^togen" refers to a class of substances that 
stimulate lymphocytes to proliferate independently of antigen. 

As used herein, the term "superantigen" refers to a special class of antigens, 
25 defined by their capacity to stimulate a large fraction of T lymphocytes. 

Superantigens include several "enterotoxins", which are globular proteins released by 
such bacteria as Staphylococcus aureus. 

As used herein, the term "pathogen" refers to any infectious organism 
including bacteria, viruses, parasites, mycoplasma, protozoans, and fiingi (including 
30 molds and yeast). "Pathogenic bacteria" include, but are not limited to Staphylococci 
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{e,g., aureus). Streptococci {e.g., pneurnoniae), Clostridia (e,g.,perfnngeris). 
Neisseria (e.g., gonorrhoeae), Enterobacteriaceae (eg., E, coli as well as Klebsiella, 
Salmonella, Shigella, Yersinia and Proteus), Helicobacter {e.g., pylori). Vibrio {e.g., 
cholerae), Campylobacter {e,g„ jejuni), Pseudomonas (e.g., aeruginosa), 

5 Haemophilus {e.g, influenzae), Bordetella {e,g, pertussis). Mycoplasma {e.g., 
pneumoniae), Ureaplasma (e.g., urealyticum), Legionella {e.g., pneumophila). 
Spirochetes {e.g., Treponema, Leptospira and Borrelia), Mycobacteria {e.g., 
tuberculosis, smegmatis), Actinomyces (e.g., israelii), Nocardia (e.g., asteroides). 
Chlamydia {e.g., trachomatis), Rickettsia, Coxiella, Ehrilichia, Rochalimaea, 

10 Brucella, Yersinia, Fracisella, Mycobacterium leprae, and Pasteurella. 

"Pathogenic viruses" include amongst others: human T lymphocyte virus type 
I and n (HTLV-I and HTLV-II), Epstein-Barr Virus (EBV), group C adenoviruses, 
herpes simplex virus, cytomegalovirus, poliovirus, rubella, measles, mumps 
respiratory syncytial virus (RSV), vesicular stomatitis virus (VSV), HTV-l, rabies 

15 virus, influenza A, parainfluenza, and lymphocytic choriommingitis virus. 
As used herein, "inununodeficiency diseases" or 'Immunodeficiency 
disorders" include both acquired inamunodeficiency and primary immunodeficiency 
disorders. Primary immxmodeficiency disorders encompass: antibody deficiency 
disorders (e.g., sex linked agammaglobulinemia, common variable 

20 immunodeficiency, selective IgA deficiency, immunodeficiency with elevated IgM, 
transient hypogantmiaglobulinemia of infancy, antibody deficiency with near normal 
inmfiunoglobulins, and X-linked lymphoproliferative disease); cellular 
immunodeficiency disorders {e.g., thymic hypoplasia, and Nezelof s syndrome); and 
severe combined immunodeficiency (SCID) disorders (e.g., autosomal recessive 

25 severe combined immunodeficiency disease, X-linked recessive severe combined 
immunodeficiency disease, defective expression of major histocompatibility complex 
antigens, and severe combined inununodeficiency with leukopenia). 

The phrase "solid support" refers to any support to which nucleic acids can be 
bound or immobilized, including nitrocellulose, nylon, glass, other solid supports 
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vrhich are positively charged, including nanochannel glass arrays disclosed by Beattie 
(W095/1175). 

The phrase "specifically hybridizes" refers to nucleic acids which hybridize 
under highly stringent or moderately stringent conditions to the nucleic acids 

5 containing at least one of the sequences identified in the Figures. In referencing the 
Figures, we mean at all points the Figures and the discussion of the Figures found in 
the Brief Description of Drawings. Preferably such specifically hybridizing nucleic 
acids will present a clear and detectable signal, and they may be labeled by various 
means that are known to those skilled in the art 

10 The phrase "isolated nucleic acid" refers to nucleic acids diat have been 

separated from contaminant nucleic acids encoding other polypeptides. **Nucleic 
acids" refers to all forms of DNA and RNA, including cDNA molecules and antisense 
RNA molecules. 

The phrase "sequences contiguous with" refers to sequences which are 
15 covalently linked to a given nucleic acid sequence or fragment at either the 5' or 3' end 
through phospho-diester bonds. Such contiguous sequences are contained within a 
single molecule with a given nucleic acid sequence or fragment, such as a cDNA 
molecule. 

The phrase "gene expression profile", also referred to as a "differential 
20 expression profile" or "expression profile", refers to a representation of the expression 
of mRNA species in a cell sample or population. For instance, a gene expression 
profile can refer to an autoradiograph of labeled cDNA fragments produced &om total 
cellular mRNA separated on the basis of size by known procedures. Such procedures 
include slab gel electrophoresis, capillary gel electrophoresis, high performance liquid 
25 chromatography (HPLC), and the like. Digitized representations of scaimed 

electrophoresis gels are also included as are ^vo and three dimensional representations 
of the digitized data. 

While a gene expression profile encompasses a representation of the 
expression level of at least one mRNA species, in practice, the typical gene expression 
30 profile represents the expression level of multiple mRNA species. For instance, a 
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gene expression profile useful in the methods and compositions disclosed herein 
represents the expression levels of at least about 1, 5, 10, 20, 50, 100, 150, 200, 300, 
500, 1000, 10,000, 50,000 or, more preferably, substantially all of the detectable 
mRNA species in a cell sample or population. Particularly preferred are gene 

5 expression profiles or arrays affixed to a solid support that contain a representative 
number of mRNA species, whose expression levels are modulated under the relevant 
infection, disease, screening, treatment or other experimental conditions. In some 
instances, a sufficient representative number of such mRNA species will be at least 
about 1, 2, 5, 10, 15, 20, 25, 30, 40, 50, 50-75 or 100. The expression profiles 

10 preferably will also be able to quantitatively differentiate the relative quantities of 
mRNA species in a cell. 

Gene expression profiles can be produced by any means known in the art, 
including, but not limited to the methods disclosed by: Liang et aL (1992) Science 
257: 967-971; Ivanovae/ a/., (1995) Nucleic Acids Res. 23: 2954-2958; Guilfoyl et 

15 fl/., (1997) Nucleic Acids Res. 25(9): 1854-1858; Chee et aL, (1996) Science 274: 610- 
614; Velculcscu et aL (1995) Science 270: 484-487; Fischer et aL, (1995) Proc. NatL 
Acad. Sou USA 92(12): 5331-5335; andKato, {1995) Nucleic Acids Res. 23(18): 
3685-3690. Gene expression profiles also may be produced by the methods of 
Belyavsky et aL, in U.S. Patent Application Serial No. 08/499,899. Preferably, gene 

20 expression profiles are produced by the methods of Prashar et al, (WO 97/05286) and 
Prashar et aL, (1996) Proc. NatL Acad. ScL USA 93: 659-663. 

As an example, gene expression profiles as described herein are made to 
identify one or more genes whose expression levels are modulated in a T lymphocyte 
population exposed to a pathogen, allergen, antigen, mitogen or superantigen, or a T 

25 lymphocyte population isolated, for example, fitsm a subject having a sterile 

inflammatory disease, GVHD or cancer. The assaying of the modulation of gene 
expression via the production of a gene expression profile generally involves the 
production of cDNA from polyA RNA (mRNA) isolated firom T lymphocytes as 
described below. 
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The mRNAs are isolated Srom a T lymphocyte source prothymocytes or 
cells) The cells may be obtained from an in vivo source, such as a peripheral 
blood or thymus. As is apparent to one skilled in the art, any lymphocyte type (e^., 
plasma cells, B cells, T lymphocytes or T lymphocyte subpopulations) may be used, 
5 however, T lymphocytes are preferred. Furthennore, the peripheral blood cells that 
are initially obtained may be subjected to various sq^aration techniques (eg., flow 
cytometry, density gradients) to purify specific T lymphocyte subpopulations (e.g., 
Tdthj Tctl, Th2» etc.). 

"mRNAs" are isolated from cells by any one of a variety of techniques. 
10 Numerous techniques are well known (see eg., Sambrook^t^l., MOLECULAR 
Cloning: A Laboratory Approach, Cold Spring Harbor Press, NY, (1987); 

AUSUBEL ETAL., CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, Greene PubUshing 

Co. NY, (1995)). In general these techniques first lyse the cells and then enrich for or 
purify RNA. In one such protocol, cells are lysed in a Tris-buffered solution 

15 containing sodium dodecyl sulfate. The lysate is extracted with phenol/chloroform, 
and nucleic acids are precipitated. Purification of poly(A)-containing RNA is not a 
requirement. The mRNAs may, however, be purified finom crude preparations of 
nucleic acids or fix>m total RNA by chromatography, such as binding and elution from 
oligo(dT)-cellulose or poly(U)-Sepharose®, As stated above, other protocols and 

20 methods for isolation of KNAs may be substituted. 

The mRNAs are reverse transcribed using an RNA-directed DNA polymerase, 
such as •'reverse transcriptase" isolated fix)m such retroviruses as AMV, MoMuLV or 
recombinantly produced. Many coixmiercial sources of enzyme are available {e.g., 
Pharmacia, New England Biolabs, Stratagene Cloning Systems). Suitable buffers, 

25 cofactors, and conditions are well known and suppHed by various manufacturers (see 
also, Sambrook etal, (1989) supra\ Ausubel etal., (1995) supra). 

Various oUgonucleotides are used in the production of cDNA. In particular, 
the methods described herein utilize oligonucleotide primers for cDNA synthesis, and 
adapters, and primers for amplification. Oligonucleotides are generally synthesized as 

30 single strands by standard ch^nistry techniques, including automated synthesis. 
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Oligonucleotides are subsequently de-protected and may be purified by precipitation 
with ethanol, chromatographed using a sized or reversed-phase colunm, denaturing 
polyacrylaraide gel electrophoresis, high-pressure liquid chromatography (HPLC), or 
other suitable method. In addition, withm certain preferred embodiments, a functional 
5 group, such as biotin, is incorporated preferably at the 5* or 3* terminal nucleotide. A 
biotinylated oligonucleotide may be synthesized using pre-coupled nucleotides, or 
alternatively, biotin may be conjugated to the oligonucleotide using standard chemical 
reactions known to individuals skilled in the art. Other functional groups, such as 
florescent dyes, radioactive molecules, digoxigenin, and the like, may also be used. 
10 Partially-double stranded adaptors are formed from single-stranded 

oligonucleotides by annealing complementary single-stranded oHgonucleotides that 
are chemically synthesized or by enzymatic synthesis. Following synthesis of each 
strand, the two oUgonucleotide strands are mixed together in a buffered salt solution 
(eg., 1 M NaCl; 100 mM Tris-HCl, pH 8.0; 10 mM EDTA) or in a buffered solution 
15 containing Mg*^ (eg., 10 mM MgCy and annealed by heating to high temperature 
and slow cooUng to room temperature. 

The oligonucleotide primer that primes first strand DNA synthesis comprises a 
5* sequence incapable of hybridizing to a polyA tail of the mRNAs, and a 3' sequence 
that hybridizes to a portion of the polyA tail of the mRNAs and at least one non- 
20 polyA nucleotide inmiediately upstream of the polyA tail. The 5* sequence is 

preferably of a sufficient length such that can serve as a primer for amplification. The 
5' sequence also preferably has an average G+C content and does not contain large 
palindromic sequences; certain palindromes, such as a recognition sequence for a 
restriction enzyme, may be acceptable. Examples of suitable 5' sequences are 
25 CTCTCAAGGATCrTACCGCr (SEQ ID N0.35), CAGGGTAGACGACGCTACGC 
(SEQ ID N0.36), and TAATACCGCGCCACATAGCA (SEQ ID N0.37). 

The 5' sequence is joined to a 3* sequence comprising a sequence that 
hybridizes to a portion of the polyA tail of mRNAs and at least one non-polyA 
nucleotide immediately upstream. Although the polyA-hybridizing sequence is 
30 typically a homopolymer of dT or dU, it need only contain a sufficient number of dT 
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or dU bases to hybridize to polyA under the conditions employed. Both oligo-dT and 
ohgo-dU primers have been used and give comparable results. Thus, other bases may 
be interspersed or concentrated, as long as hybridization is not impeded. Typically, 
12 to 18 bases or 12 to 30 bases of dT or dU will be used. However, as one skilled in 
5 the art appreciates, the length need only be sufficient to obtain hybridization. The 
non-polyA nucleotides are A, C, or G, or a nucleotide derivative, such as inosinate. If 
one non-polyA nucleotide is used, then three oligonucleotide primers are needed to 
hybridize to all mRNAs. If two non-polyA nucleotides are used, then 12 primers are 
needed to hybridize to all mRNAs (AA, AC, AG, AT, CA, CC, CG, CT, GA, GC, 
10 GG, GT). If three non-poly A nucleotides are used, then 48 primers are needed (3X4 
X 4). Although there is no theoretical upper limit on the nmnber of non-polyA 
nucleotides, practical considerations make the use of one or two non-polyA 
nucleotides preferable. 

For cDNA synthesis, the mRNAs are either subdivided into three (if one non- 
15 polyA nucleotide is used) or twelve (if two non-polyA nucleotides are used) fractions, 
each containing a single oUgonucleotide primer, or the primers may be pooled and 
contacted with a mRNA preparation. Other subdivisions may alternatively be used. 
Briefly, first strand cDNA is initiated from the oligonucleotide primer by reverse 
transcriptase (RTase). As noted above, RTase may be obtained from numerous 
20 sources and protocols are well known. Second strand synthesis may be perfonned by 
RTase (Gubler and Hofi&nan, Gene 25: 263, 1983), which also has a DNA-directed 
DNA polymerase activity, with or without a specific primer, by DNA polymerase I in 
conjimction with RNaseH and DNA ligase, or other equivalent methods. The double- 
stranded cDNA is generally treated with phenolxhloroform extraction and ethanol 
25 precipitation to remove protein and free nucleotides. 

Double-stranded cDNA is subsequently digested with an agent that cleaves in 
a sequence-specific manner. Such cleaving agents include restriction enzymes. 
Restriction enzyme digestion is preferred; enzymes that are relatively infrequent 
cutters (e.g., ^ 5 bp recognition site) are more preferred, and those that leave 
30 overhanging ends are especially preferred. A restriction enzyme with a six base pair 
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recognition site cuts approximately 8% of cDNAs, so that approximately 12 such 
restriction en2ymes should be needed to digest every cDNA at least once. By using 
30 restriction enzymes, digestion of every cDNA is assured. 

The adapters for use in the present invention are designed such that the two 
5 strands are only partially complementary and only one of the nucleic acid strands that 
the adapter is ligated to can be amphfied. Thus, the adapter is partially double- 
stranded (/,e., comprising two partially hybridized nucleic acid strands), wherein 
portions of the two strands are non-complementary to each other and portions of the 
two strands are complementary to each other. Conceptually, the adapter is "Y- 
10 shaped" or *1)ubble-shaped." When the 5' region is non-paired, the 3* end of other 
strand cannot be extended by a polymerase to make a complementary copy. The 
ligated adapter can also be blocked at the 3' end to eliminate extension during 
subsequent amplifications. Blocking groups include dideoxynucleotides or any other 
agent capable of blocking the S'-OH. In this type of adapter ("Y-shaped"), the non- 
15 complementary portion of the upper strand of the adapters is preferably a length that 
can serve as a primer for amplification. As noted above, the non-complementary 
portion of the lower strand need only be one base, however, a longer sequence is 
preferable (e.g., 3 to 20 bases; 3 to 15 bases; 5 to 15 bases; or 14 to 24 bases). The 
complementary portion of the adapter should be long enough to form a duplex under 
20 conditions of litigation. 

For '*bubble-shaped" ad^ters, the non-complementary portion of the upper 
strands is preferably a length that can serve as a primer for amplification. Thus, this 
portion is preferably 15 to 30 bases. Alternatively, the adapter can have a structure 
similar to the Y-sh^ed adapter, but has a 3' end that contains a moiety that a DNA 
25 polymerase cannot extend fix)m. 

Amplification primers are also used in the present invention- Two different 
amplification steps are performed in the preferred aspect. In the first, the 3' end 
(referenced to mRNA) of double stranded cDNA that has been cleaved and ligated 
with an adapter is amplified. For this amplification, either a single primer or a primer 
30 pair is used. The sequence of the single primer comprises at least a portion of the 5' 
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sequence of the oligonucleotide primer used for first strand cDNA synthesis. The 
portion need only be long enough to serve as an amplification primer. The primer pair 
consists of a first primer whose sequence comprises at least a portion of the 5* 
sequence of the oligonucleotide primer as described above; and a second primer 

5 whose sequence comprises at least a portion of the sequence of one strand of the 
adapter in the non-complementary portion. The primer will generally contain all the 
sequence of the non-complementary potion, but may contain less of the sequence, 
especially when the non-complementary portion is very long, or more of the sequence, 
especially when the non-complementary portion is very short. In some embodiments, 

10 the primer will contain a sequence of the complementary portion, as long as that 
sequence does not appreciably hybridize to the other strand of the adapter under the 
ampHfication conditions employed. For example, in one embodiment, the primer 
sequence comprises four bases of the complementary region to yield a 19 base primer, 
and amplification cycles are performed at 56**C (annealing temperature). 12'^ C 

15 (extension temperature), and 94°C (denaturation temperature). In another 
embodiment, the primer is 25 bases long and has 10 bases of sequence in the 
complementary portion. Amplification cycles for this primer are performed at 68 °C 
(armealing and extension temperature) and 94*^0 (denaturation temperature). By 
tising these longer primers, the specificity of priming is increased. 

20 The design of the amplification primers will generally follow well-known 

guidelines, such as average G-C content, absence of hairpin structures, inability to 
form primer-dimers and the like. At times, however, it will be recognized to those 
skilled in the art that deviations from such guidelines may be q)propriate or desirable. 
After amplification, the lengths of the amplified firagments are determined. 

25 Any procedure that sq)arate nucleic acids on the basis of size and allows detection or 
identification of the nucleic acids is acceptable. Such procedures include slab gel 
electrophoresis, capillary gel electrophoresis, high performance liquid 
chromatography (HPLC). and the like. 

Electrophoresis is technique based on the mobility of DNA in an electric field. 

30 Negatively charged DNA migrates towards a positive electrode at a rate dependent on 
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its total charge, size, and sh^e. Most often, DNA is electrophoresed in agarose or 
polyacrylamide gels. For maximal resolution, polyacrylamide is preferred and for 
maximal linearity, a denaturant, such as urea is present. A typical get setup uses a 
19:1 mixture of acrylamiderbisacrylamide and a Tris-borate buffer. DNA samples are 
5 denatured and applied to the gel, which is usually sandwiched between glass plates. A 
typical procedure can be found in Sambkooketal, (1989) or AusuBEL^r^x.. 
(1995). Variations may be substituted as long as sufficient resolution is obtained. 

Capillary electrophoresis, (CE) in its various manifestations (eg., fiee 
solution, isotachophoresis, isoelectric focusing, polyacrylamide gel, micellar 

10 electrokinetic "chromatography"), allows high resolution separation of very small 
sample volumes. Briefly, in capillary electrophoresis, a neutral coated capillary, such 
as a 50 ^m X 37 era column (eCAP neutral, Beckman Instruments, CA), is filled with 
a linear polyacrylamide (e.g., 0.2% polyacrylamide), a sample is introduced by high- 
pressure injection followed by an mjection of running buffer (eg., IX TBE). The 

1 5 sample is electrophoresed and fragments are detected. An order of magnitude 

increase can be achieved with the use of capillary electrophoresis. Capillaries may be 
used in parallel for increased throughput (Smith et aL, (1990) Nua Acids. Res. 18: 
4417; Mathies and Huang, (1992) Nature 359: 167). Because of the small sample 
volume that can be loaded onto a capillary, the sample may be concentrated to 

20 increase the level of detection. One means of concentration is sample stacking (Chien 
and Burgi, (1992) Anal. Chem. 64: 489A). In sample stacking, a large volume of 
sample in a low concentration buffer is introduced to the capillary column. The 
capillary is then filled with a buffer of the same con:q)osition, but at higher 
concentration, such that when the sample ions reach the capillary buffer with a lower 

25 electric field, they stack into a concentrated zone. Sample stacking can increase 
detection by one to three orders of magnitude. Other methods of concentration, such 
as isotachophoresis, may also be used. 

High-performance liquid chromatography (HPLC) is a chromatographic 
separation technique that separates compounds in solution. HPLC instruments consist 

30 of a reservoir of mobile phase, a pump, an injector, a separation column, and a 
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detector. Compounds are separated by injecting an aliquot of the sample mixture onto 
the column. The different components in the mixture pass through the column at 
different rates due to differences in their partitioning behavior between the mobile 
liquid phase and the stationary phase. IP-RO-HPLC on non-porous PS/DVB particles 

5 with chemically bonded alkyl chains can also be used to analyze nucleic acid 

molecixlesonthebasisof si2e(Hubere/a/., (1993) AnaL Biochem. 121: 351; Huber er 
a/.. (1993) Nuc. Acids Res. 21: 1061; Huber e/ aL, (1993) Biotechniques 16: 898). 

In each of these analysis techniques, the amplified fragments are detected. A 
variety of labels can be used to assist in detection. Such labels include, but are not 

10 limited to, radioactive molecules (e.g., ^^S, ^^P), fluorescent molecules, and mass 
spectrometric tags. The labels may be attached to the oligonucleotide primers or to 
nucleotides that are incorporated during DNA synthesis, including amplification. 

Radioactive nucleotides may be obtained from commercial sources; 
radioactive primers may be readily generated by transfer of label from y-^P-ATP to a 

15 5'-0H group by a kinase (e.g., T4 polynucleotide kinase). Detection systems include 
autoradiograph, phosphor image analysis and the like. 

Fluorescent nucleotides may be obtained from commercial sources (e.g., ABI, 
Foster City, CA) or generated by chemical reaction using appropriately derivatized 
dyes. Oligonucleotide primers can be labeled, for example, using succinimidyl esters 

20 to conjugate to amine-modified oUgonucleotidcs. A variety of florescent dyes may be 
used, including 6 carboxyfluorescein, other carboxyfluorescein derivatives, 
caiboxyrhodaraine derivatives, Texas red derivatives, and the like. Detection systems 
include photomultipli^ tubes with appropriate wave-length filters for the dyes used. 
DNA sequence analysis systems, such as produced by ABI (Foster City, CA), may 

25 also be used. 

After separation of the ampUfied cDNA fragments, cDNA Augments which 
correspond to differentially expressed mRNA species are isolated, reamplified and 
sequenced according to standard procedures. For instance, bands corresponding the 
cDNA fragments can be cut from the electrophoresis gel, reamplified and subcloned 
30 into any available vector, including pCRscript using the PGR script cloning kit 
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(Stratagene). The insert is then sequenced using standard procedures, such as cycle 
sequencing on an ABI sequencer. 

An additional means of analysis comprises hybridization of the amplified 
fragments to one or more sets of oligonucleotides or nucleic acid fragments 
5 immobilized on a solid substrate. Historically, the solid substrate is a membrane, such 
as nitrocellulose or nylon. More recently, the substrate is a silicon wafer or a 
borosilicate slide. The substrate may be porous (Beattie et al, WO 95/1 1755) or 
solid. Oligonucleotides are synthesized in situ or synthesized prior to deposition on 
the substrate. Various chemistries are known for attaching oligonucleotide. Many of 

10 these attachment chemistries rely upon fimctionalizing oligonucleotides to contain a 
primary amine group. The oligonucleotides are arranged in an array form, such that 
the position of each oligonucleotide sequence can be determined. 

The amplified fragments, which are generally labeled according to one of the 
methods described herein, are denatured and applied to the oUgonucleotides on the 

1 5 substrate under appropriate salt and temperature conditions. In certain embodiments, 
the conditions are chosen to favor hybridization of exact complementary matches and 
disfavor hybridization of mismatches. Unhybridized nucleic acids are washed off and 
the hybridized molecules detected, generally both for position and quantity. The 
detection method will depend upon the label used. Radioactive labels, fluorescent 

20 labels and mass spectrometry label are among the suitable labels. 

The present invention as set forth in the specific embodiments, includes 
methods to identify a then^utic agent that modulates the expression of at least one 
gene in a T lymphocyte population. Genes which are differentially expressed during 
T lymphocyte contact with a pathogen, antigen, superantigen, mitogen or allergen, or 

25 that are differentially expressed in a subject having a sterile inflammatory disease, 
cancer or GVHD are of particular importance. 

In general, the method to identify a therapeutic or prophylactic agent that 
modulates the response of a T lymphocyte population to a pathogen, mitogen, antigen, 
superantigen or allergen, comprises the steps of preparing a first gene expression 

30 profile of a quiescent T lymphocyte population or subpopulation, preparing a second 
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gene expression profile of a T lymphocyte population or subpopulation exposed to a 
pathogen, mitogen, antigen, superantigen or allergen, treating the exposed T 
lymphocyte population or subpopulation with the agent, preparing a third gene 
expression profile of the treated T lymphocyte population, comparing the first, second 

5 and third gene expression profiles and identifying agents that modulate the response 
of a T lymphocyte population or subpopulation to the pathogen, mitogen, antigen, 
superantigen or allergen. 

Li another format, the method is used to identify a therapeutic agent that 
modulates the expression of genes in a T lymphocyte population or subpopulation 

10 found in a human or animal subject having a sterile inflammatory disease, GVHD or 
cancer. The general method comprises the steps of preparing a first gene expression 
profile of a T lymphocyte population or subpopulation in a subject having a sterile 
inflammatory disease GVHD or cancer, treating or exposing the T lymphocyte 
population or subpopulation to the agent, preparing a second gene expression profile 

15 of the treated T lymphocyte population or subpopulation, comparing the first and 
second gene expression profiles with the gene expression profile of a normal T 
lymphocyte population and identifying agents that modulate the expression of genes 
whose transcription levels are altered in the T lymphocyte population or 
subpopulation of the subject as compared with normal T lymphocyte population or 

20 subpopulation. 

While the above methods for identifying a therapeutic agent comprise the 
comparison of gene expression profiles Scorn treated and not-treated T lymphocytes, 
many other variations are immediately envisioned by one of ordinary skill in the art. 
As an example, as a variation of a method to identify a therapeutic or prophylactic 

25 agent that modulates the response of a T lymphocyte population or subpopulation to 
pathogen, mitogen, antigen, superantigen or allergen, the second gene expression 
profile of a T lymphocyte population or subpopulation exposed to a pathogen, 
antigen, mitogen, immunogen or allergen and the third gene expression profile of the 
treated T lymphocyte population or subpopulation can each be independently 

30 normalized using the first gene expression profile prepared fi-om a quiescent T 
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lymphocyte population or subpopulation. Normalization of the profiles can easily be 
achieved by scanning autoradiographs corresponding to each profile, and subtracting 
the digitized values corresponding to each band on the autoradiogr^h from quiescent 
T lymphocytes from the digitized value for each corresponding band on 
5 autoradiographs corresponding to the second and third gene expression profiles. After 
normalization, the second and third gene expression profiled can be compared directly 
to detect cDNA fragments which correspond to mRNA species, which are 
differentially expressed upon exposure of the T lymphocyte population or 
subpopulation to the agent to be tested. 

1 0 Nucleic Acid Fragments 

Nucleic acids of the claimed invention include nucleic acids which specifically 
hybridize to nucleic acids comprising the sequences identified in the Figures. A 
nucleic acid which specifically hybridizes to a nucleic acid comprising one of the 
sequences identified in the Figures remains stably bound to said nucleic acid under 

15 highly stringent or moderately stringent conditions. Stringent and moderately 

stringent conditions are those commonly defined and available, such as those defined 
by Sambrook et aL, (1989) or Ausubel et aL, (1995). The precise level of stringency 
is not important, rathCT, conditions should be selected that provide a clear, detectable 
signal when specific hybridization has occurred. 

20 Hybridization is a function of sequence identity (homology), G+C content of 

the sequence, buffer salt content, sequence length and duplex melt temperature (T„,) 
among other variables. See, Maniatis et aL, ( Molecular Cloning, Cold Spring 
Harbor Laboratory^ Cold Spring Harbor, N.Y. 1982). With similar sequence lengths, 
the buffer salt concentration and temperature provide useful variables for assessing 

25 sequence identity (homology) by hybridization techniques. For example, where there 
is at least 90 percent homology, hybridization is commonly carried out at 68**C in a 
buffer salt such as 6X SCC diluted from 20X SSC. See Sambrook et al, (1989) The 
buffer salt utilized for final Southern blot washes can be used at a low concentration, 
e.g., O.IX SSC and at a relatively high temperature, e.g., 68**C, and two sequences will 
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fonn a hybrid duplex (hybridize). Use of the above hybridization and washing 
conditions together are defined as conditions of high stringency or highly stringent 
conditions. Moderately stringent conditions can be utilized for hybridization where 
two sequences share at least about 80 percent homology. Here, hybridization is 

5 carried out using 6X SSC at a temperature of about 50-55**C. A final wash salt 
concentration of about 1-3X SSC and at a temperature of about 60-68**C are used. 
These hybridization and washing conditions define moderately stringent conditions. 

In particular, specific hybridization refers to conditions in which a high degree 
of complementarity exists between a nucleic acid comprising the sequences identified 

10 in at least one of the Figures and another nucleic acid. With specific hybridization, 
complementarity will generally be at least about 75%, 80%, 85%, preferably about 
90-100%, or most preferably about 95-100%. 

The nucleic acids of the present invention can be used in a variety of ways in 
accordance with the present invention. For example, they can be used as nucleic acid 

15 probes to screen other cDNA and genomic DNA libraries so as to select by 

hybridization other DNA sequences that comprise similar sequences. The nucleic 
acid probe could be RNA or DNA labeled with radioactive nucleotides or by 
non-radioactive methods (/.e., biotin). Screening could be done at various 
stringencies (through manipulation of the hybridization T„, usually using a 

20 combination of ionic strength, temperature and/or presence of formamide) to isolate 
close or distantly related homologs. The nucleic acids may also be used to generate 
primers to amplify cDNA or genomic DNA using polymerase chain reaction (PGR) 
techniques. The nucleic acid sequences of the present invention can also be used to 
identify adjacent sequences in the cDNA or genome, for 

25 example, flanking sequences and regulatory elements. 

The nucleic acid sequences of the present invention can also be used 
diagnostically to detect nucleic acid sequences which specifically hybridize to at least 
one of the sequences identified in the Figures. For instance, said sequences can be 
used to detect activated T lymphocytes or T lymphocytes previously exposed to a 

30 specific pathogen, mitogen, antigen, superantigen or allergen. As set forth in the 
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Examples, said sequences are the partial sequences of cDNA species which 
correspond to T lymphocyte mRNA and therefore genes, which are differentially 
expressed during T lymphocyte contact with a specific pathogen, mitogen, antigen, 
superantigen or allergen. Nucleic acid fragments comprising at least part of these 

5 sequences may be used as diagnostic probes to identify T lymphocyte populations 
that have been activated or have been in contact with a specific pathogen, mitogen, 
antigen, superantigen or allergen. 

In general, nucleic acid fragments comprising at least one of the sequences or 
part of one of the sequences identified in the Figures can be used as probes to screen 

10 nucleic acid samples from T lymphocyte populations in hybridization assays. Such 
assays can be used to detect activated T lymphocytes or T lymphocytes exposed to a 
specific pathogen, mitogen, antigen, superantigen or allergen. To ensure specificity of 
a hybridization assay using a probe derived &om such sequences, it is preferable to 
design probes which hybridize only with target nucleic acid under conditions of high 

15 stringency. Only highly complementary nucleic acid hybrids form imder conditions 
of high stringency. Accordingly, the stringency of the assay conditions determines 
the amount of complementarity which should exist between two nucleic acid strands 
in order to form a hybrid. Stringency should be chosen to maximize the difference in 
stability between the probe:target hybrid and potential probe:non-taTget hybrids. 

20 Probes may be designed from the sequences of the Figures through methods 

known in the art. For instance, the G+C content of the probe and the probe length can 
affect probe binding to its target sequence. Methods to optimize probe specificity are 
commonly available in Sambrook et al^ (1989), or Ausubel et al^ (1995), 

The nucleic acid sequences of the present invention can also be used as probes 

25 to monitor the expression of at least one differentially expressed T lymphocyte gene 
in a method to identify a therapeutic or prophylactic agent that modulates the response 
of a T lymphocyte population to a specific pathogen, mitogen, antigen, superantigen 
or allergen. In general, the method to identify a therapeutic or prophylactic agent that 
modulates the response of a T lymphocyte population to a specific pathogen, mitogen, 

30 antigen, superantigen or allergen comprises the steps of determining the expression 
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level of at least one RNA species that specifically hybridizes to a probe comprising all 
or part of at least of one of the sequences identified in the Figures in a quiescent T 
lymphocyte population. The expression level of the RNA species is then determined 
in a T lymphocyte population exposed to a specific pathogen, mitogen, antigen, 

5 superantigen or allergen and also in a T lymphocyte population exposed to a specific 
pathogen, mitogen, antigen, superantigen or allergen and to the agent to be tested. 
Agents which modulate the expression level of a RNA species associated with T 
lymphocyte activation by a specific pathogen, mitogen, antigen, superantigen or 
allergen are thereby identified by comparing the expression levels of the RNA 

10 species. 

Hybridization assays to determine the expression level of at least one RNA 
species are commonly available and include the detection of DNA:RNA and 
RNArRNA hybrids. Northern blots of total cellular RNA or polyA purified RNA and 
hybridization assays wherein at least one or part of one of the sequences of the present 

1 5 invention are immobilized to a solid support are included. 

Solid supports can be prepared that comprise immobilized representative 
groupings of nucleic acids corresponding to the sequences or parts of the sequences 
identified in the Figures, For instance, representative nucleic acids can be 
immobilized to any solid support to which nucleic acids can be inmiobilized, such as 

20 positively charged nitrocellulose or nylon membranes (see Sambrook et ai , 1 989), as 
well as porous glass wafers such as those disclosed by Beattie (WO 95/11 755). 
Nucleic acids are immobilized to the solid support by well established techniques, 
including charge interactions, as well as attachment of derivatized nucleic acids to 
silicon dioxide surfaces such as glass which bears a terminal epoxide moiety. A solid 

25 support comprising a representative grouping of nucleic acids can then be used in 
standard hybridization assays to detect the presence or quantity of one or more 
specific nucleic acid species in a sample (such as a total cellular mRNA sample or 
cDNA prepared fix>m said mRNA) which hybridize to the nucleic acids attached to 
the solid support. Any hybridization methods, reactions, conditions and/or detection 
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means can be used, such as those disclosed by Sambrook et aL^ (1989), Ausbel et aL, 

(1987), or Beattie (WO 95/1 1755), 

One of ordinary skill in the art may detennine the optimal number of nucleic 

acid species that must be represented by nucleic acid fragments immobilized on the 
5 solid support to effectively differentiate between samples, e.g,, T lymphocytes 

exposed to a specific pathogen, mitogen, antigen, superantigen or allergen. 

Preferably, at least about 1, 5, 10, 20, 28 or more nucleic acid fragments 

corresponding to at least one or part of one of the sequences identified in the Figures 

are affixed to a solid support. The skilled artisan will be able to optimize the number 
10 and particular nucleic acids for a given purpose, Le. , screening for modulating agents, 

identifying activated T lymphocytes, etc. 

Full Length cDNA Fragments 

The determination of the sequences identified in the Figures as derived from T 
lymphocyte raRNA species (genes) that are differentially regulated in response to 

15 exposure of a T lymphocyte population to a specific pathogen, mitogen, antigen, 

superantigen or allergen enables the isolation of full length cDNA molecules encoding 
proteins associated with the T lymphocyte response. 

As set forth above, any method may be used to prepare a cDNA library from T 
lymphocytes. Preferably, the cDNA library is produced from T lymphocytes exposed 

20 to a specific pathogen, mitogen, antigen, superantigen or allergen. After exposure, the 
cDNA Ubrary is prepared by extracting the mRNA from isolated T lymphocytes, 
using known mettiods, for example, isolation of polyadenylated (poly A+) RNA- Kits 
for isolating poly A+ RNA are commercially available, for example, PolyATract kits 
are available from Promega Corporation. The mRNA thus extracted may be enriched 

25 for mRNAs corresponding to genes differentially expressed by hybrid selection 
procedures, and the like. In instances of a low recovery of RNA, mRNA can be 
preamplified by PCR using known methods. The cDNAs corresponding to the 
mRNAs may be prepared using a reverse transcriptase for first strand synthesis and a 
DNA polymerase for second strand synthesis. Methods for using reverse transcriptase 
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and DNA polymerase to make cDNA are well known in the art. Kits for perfonning 
these techniques are commercially available, for example, the Superscript 0™ kit 
(Gibco-BRL), the Great Lengths cDNA Synthesis Kit™ (Clontech), the cDNA 
Synthesis Kit (Stratagene), and the like. 

5 The cDNAs may then be ligated to linker DNA sequences containing suitable 

restriction enzyme recognition sites. Such Unker DNAs are commercially available, 
for example, from Promega Corporation and from New England Biolabs and the 
particular linker used may be selected to confomi to the protocol being used. The 
cDNAs may be subjected to restriction enzyme digestion, size fractionation, or any 

10 other suitable method, to enrich for ftill-length cDNAs within the library. 

The resultant cDNA library can be modified to select for rare transcripts or for 
transcripts corresponding to genes that are differentially expressed upon exposure to a 
specific pathogen, mitogen, antigen, superantigen or allergen. For instance, when 
using a sequence corresponding to a mRNA which is up- regulated in response to 

1 5 exposure of a T lymphocyte population to a specific pathogoi, mitogen, antigen, 

superantigen or allergen, a cDNA Ubrary is prepared fix)m exposed T lymphocytes and 
subtractively hybridized to cDNA or mRNA (polyA+ RNA) from a quiescent T 
lymphocyte population. Subtractive hybridization methods are available, for instance 
as taught by Davis et al, (1987) CellSl : 987-1000; Hedrick et aL, (1984) Nature, 

20 308: 149-153; and Sargent et a/., (1983) Science, 222: 135-139. Subtractive library 
methods that utilize VCR amplification may also be used as taught, for example, by 
Wieland et aL, (1990) Proc. Natl Acad, ScL USA, 87: 2720-2724; Wang et aL, (1991) 
Proa Natl Acad, Set, USA, 88: 11505-11509; Cecchini et a/., (1993) Nucleic Acids 
Res., 21: 5742-5747; Lebeau etal, (1991) Nucleic Acids Res., 19: 4778; Duguid et 

25 a/., (1990) Nucleic Acids Res., 18: 2789-2792. and U.S. Patent 5,525,471 

The resultant cDNA library may also be normalized to obtain cDNAs 
corresponding to rare or weakly expressed mRNA species. Many procedures are 
available mcluding hybridization of the cDNA library to genomic DNA as taught by 
Weissman et al, (1987) Mol Biol Med., 4: 133-143. Other available techniques 

30 include utilizing second order hybridization kinetics to select for rarer species as 
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taught by Ko et al, (1990) Nuc, Acids, Res., 18: 5709; Patanjali et al, (1991) Proc. 
NatL Acad. Sci. USA, 88: 1943-1947 or Scares et aL. (U.S. Patent No. 5,637,685). 

The cDNA library is then screened Scorn cDNA clones that specifically 
hybridize to a nucleic acid comprising at least one or part of one of the sequences 
5 identified in the Figures. Such methods are widely available as set forth above. 

After isolation of cDNA clones which specifically hybridize to a nucleic acid 
comprising at least one or part of one of the sequences identified in the Figures, the 
mserts into the cDNA molecules can be further characterized by known methods 
including the sequencing of the cDNA insert. In instances where the S' end of the 

10 cDNA encompassing the amino terminus of an encoded protein is not contained 
within a cDNA molecule isolated by the above methods, 5 'RACE PGR amplification 
and other known procedures can be used to retrieve the 5* end of the cDNA. Such 
methods are known in the art and exemplified by Fang et aL (1997) Biotechniques, 
23 (1): 52, 54, 56, 58; Chen (1996) Trends Genet., 12 (3): 87-88; Lung etaL, (1996) 

15 Trends Genet., 12 (10): 389-91; Bahring et aL, (1994) Biotechniques, 16 (5): 807-8; 
and Borson et aL, (1992) PGR Methods AppL, 2(2): 144-8. 

Related Nucleic Acids 

As used herein, the present invention encompasses nucleic acids wherein 
sequences flanking or contiguous with at least one of the sequences identified in the 
20 Figures include: sequences remaining in the same open reading firame; sequences 
which do not include a stop codon; sequences which terminate at a stop codon; 
sequences which serve as a promoter, operator or other regulatory control sequence; 
or sequences which are derived from genomic DNA. 

Vectors and Host Cells 
25 The present invention comprises recombinant vectors containing and capable 

of replicating and directing the expression of nucleic acids comprising at least one, or 
part of one of the sequences identified in the Figures in a compatible host cell The 
insertion of a DNA in accordance with the present invention into a vector may be 
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performed by any conventional means. Such an insertion is easily accomplished when 
both the DNA and the desired vector have been cut with the same restriction enzyme 
or enzymes, since complementary DNA termini are thereby produced. If this cannot 
be accomplished, it may be necessary to modify the cut ends that are produced by 

5 digesting back single-stranded DNA to produce blunt ends, or by achieving the same 
resiilt by filling in the single-stranded tcmiini with an appropriate DNA polymerase. 
In this way, blunt-end ligation with an enzyme such as T4 DNA ligase may be carried 
out. Altematively, any site desired may be produced by ligating nucleotide sequences 
(linkers) onto the DNA termini. Such linkers may comprise specific oligonucleotide 

1 0 sequences that encode restriction site recognition 
sequences. 

Any available vectors and the appropriate compatible host cells may be used 
such as those disclosed by Sambrook et al, (1989) and Ausubel et al, (1995). 
Commercially available vectors, for instance, those available fit>m New England 
1 5 Biolabs Inc., Promega Corp., Stratagene Inc. or other commercial sources are 
included. 
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Specffl<; Embpajments 

Production of gene expression profiles generated from cDNAs made wftA RNA 
isolated from quiescent T lymphocytes (Jurkat lymphocytes) and activated T 

lymphocytes. 

Expression pTX)files of RNA expression levels from Jurkat lymphocytes 
exposed to activating agents, such as 12-0-tetradecanoylphorbol-13"acetate (TPA) 
and phytohemagglutinin (PHA), offer a powerful means of identifying genes that are 
specifically regulated during T lymphocyte activation. 

Culturing of Jurkat Ivmnhocvtes and Treatment with an Activating Ap ent 

Jurkat lymphocytes (Juricat clone E6-1; ATCC Accession No. TIB 152) were 
grown in 6 X 100 ml RPMI culture media supplemented with 10% fetal bovine serum 
(FBS), penicillin, streptomycm and glutamine. The Juricat lymphocytes were pelleted 
in 450 ml RPMI media supplemented with penicillin, streptomycin and glutamine 
only and were incubated for proximately 24 hours. After 24 hours, FBS was added 
to a final concentration of 1 0%. The flasks of Jurkat lymphocytes were incubated for 
1 hour. Cells were then pelleted, resuspended in 100 ml PBS, pelleted again and 
resuspended ultimately in 500 ml RPMI supplemented with 10% FBS, glutamine, 
streptomycin and penicillin. A small aliquot of the cells was removed, stained with 
trypan blue and counted The concentration of cells was determined to be 2.45 x 10* 
(or 1.225 X 10* total cells). From the 500 ml suspension, 250 ml was removed to 
another flask and 250 ml fresh 10% FBS RPMI was added to both flasks making 
equal aliquots of 500 ml containing '-1.0 x 10* cells each. For the non-stimulated 
(resting or quiescent) Juricat lymphocytes, five 1 00 ml flasks were made from one of 
ttie 500 ml flasks. The remaining 500 ml flask of Jurkat lymphocytes was treated 
(stimulated) with 500 \x\ of 2.0 mg/ml phytohemagglutinin (PHA) and 25 nl of 1 ,0 
mg/ml tetraphorbol acetate (TPA), which was dissolved in ethanol. Jurkat 
lymphocytes could also be stimulated using ionomycin (Sigma) and TPA (orphorbol 
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derivatives). The 500 ml of stimulated cells were thea aliquoted into five 100 ml 
tissue culture flasks. Cells were harvested 4 hours after the addition of PHA and 
TPA. The cells were pelleted at 1 .5xg for at least 5 minutes and the supernatant was 
removed by pouring. Pellets were then placed on ice for the RNA to be extracted, 

5 cDNA PreparatiQfl 

Total cellular RNA was prepared from the untreated and treated Jurkat 
lymphocytes using the procedure of Newburger et al, (1981) J. BioL Chem, 266(24): 
16171-7 and Newburger et al, (1988) Proc. Natl Acad. Set USA 85: 5215-5219. Ten 
micrograms of total RNA, the amount obtainable from about 3x10* Jurkat 

1 0 lymphocytes, is sufficient for a complete set of cDN A expression profiles. 

Synthesis of cDNA was performed as previously described by Prashar et al, in 
WO 97/05286 and in Prashar et al, (1996) Proc, Natl Acad. Set USA 93: 659-663. 
Briefly, cDNA was synthesized according to the protocol described in the 
GIBCO/BRL kit for cDNA synthesis. The reaction mixture for first-strand synthesis 

1 5 included 6 jig of total RNA, and 200 ng of a mixture of 1-base anchored oligo(dT) 
primers with all three possible anchored bases as shown in the table for Figure 1 : 
(ACGTAATACGACTCACTATAGGGCGAATTGGGTCGA C'ril ' i ' rrrrn - i - n - r 
TTTnl wherein nl=A/C or G) (SEQ ID N0.38) along with other components for 
first-strand synthesis reaction, except reverse transcriptase. This mixture was 

20 incubated at 65°C for 5 min, chilled on ice and the process repeated. Alternatively, 
the reaction mixture may include 10 ng of total RNA, and 2 pmol of one of the 2-base 
anchored oligo(dT) primers as a heel such as RP5.0 
(CTCTCAAGGATCTTACCGCTTiaAT) (SEQ ID N0.39). or 
RP6.0 (TAATACCGCGCCACATAGCATjgCG) (SEQ ID NO.40), or RP9.2 

25 (CAGGGTAGACGACGCTACGCTigGA) (SEQ ID NO. 41) along with other 
components for first-strand synthesis reaction except reverse transcriptase. This 
mixture was then layered with mineral oil and incubated at 65 **C for 7 min followed 
by 50**C for another 7 min. At this stage, 2 /il of Superscript reverse transcriptase 
(200 units//il; GIBCO/BRL) was added quickly and mixed, and the reaction continued 
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for 1 hr at 45-50°C. Second-strand synthesis was performed at le^C for 2 hr. At the 
end of the reaction, the cDNAs were precipitated with ethanol and the yield of cDNA 
was calculated. 

The adapter oligonucleotide sequences were 
Al (TAGCGTCCGGCGCAGCGACGGCCAG) (SEQ ID N0.42) and 
A2 (GATCCTGGCCGTCGGCTGTCTGTCGGCGC) (SEQ ID N0.43). One^ 
microgram of oligonucleotide A2 was first phosphorylated at the 5 ' end using T4 
polynucleotide kinase (PNK). After phosphorylation, the oligonucleotide was heat 
denatured, and l^tg of the oligonucleotide Al was added along with IQx annealing 
buffer (1 M NaC 1 ; 1 GO mM Tris-HCl, pH 8.0; 1 0 mM EDTA, pH 8.0) in a final vol of 
20 /il. This mixture was then heated at 65°C for 10 min followed by slow cooling to 
room temperature for 30 min, resulting in formation of the Y adapter at a final 
concentration of 100 ngf^l About 20 ng of the cDNA was digested with 4 units of 
Bgl U or another restriction enzyme in a final vol of 10 /xl for 30 min at ST^C. Two \i\ 
(=4 ng of digested cDNA) of this reaction mixture was then used for ligation to 100 
ng («50-fold) of the Y-shaped adapter in a fmal vol of 5^1 for 16 hr at 15°C. After 
ligation, the reaction mixture was diluted with water to a final vol of 80 /il (adapter 
ligated cDNA concentration, 50 pg//il), heated at 65 ""C for 10 min to denature T4 
DNA ligase, and 2 /zl aliquots (with 100 pg of cDNA) were used for PGR. 

The following sets of primers were used for PGR amplification of the adapter 
ligated 3 '-end cDNAs: 

TGAAGCCGAGACGTCGGTCG(T),8 nl, n2 (wherein nl, n2 = AA, AC, AG 
AT CA CC CG CT GA GC GG or GT) (SEQ ID NO. 44) as the 3* primer with A 1 as 
the 5' primer or alternatively, opposing primers used as 3 ' primers with primer Al . 1 
serving as the 5 ' primer. To detect the PGR products on the display gel, 24 pmol of 
oligonucleotide Al or Al.l was 5' -end-labeled using 15 /2I of [y-^^ P]-ATP 
(Amersham; 3,000 Ci/mmol) and PNK in a fmal volume of 20 /zl for 30 min at 37''C, 
After heat denaturing at 65 °C for 20 min, the labeled oligonucleotide was diluted to a 
final concentration of 2 fjM in 80 /il with unlabeled oligonucleotide ALL The PGR 
mixture (20 ^l) consisted of 2 a*1 (100 pg) of the template, 2 /zl of lOx PGR buffer 
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(100 mM Tris-HCl. pH 8.3; 500 mM KCl), 2 /zl of 15 mM MgO^ to yield 1.5 mM 
final Mg^* concentration optimum in the reaction mixture, 200 /zM dNTPs, 200 nM 
each 5' and 3' PCR primers (RP primers), and 1 unit of Amplitaq Gold. Primers and 
dNTPs were added after preheating the reaction mixture containing the rest of the 
5 components at 85**C. This **hot start" PCR was done to avoid amplification of 

artifacts arising out of arbitrary annealing of PCR primers at lower temperature during 
transition bom room temperature to 94**C in the first PCR cycle. PCR consisted of 5 
cycles of 94°C for 30 sec; SS^'C for 2 min, and 72°C for 60 sec, followed by 25 
cycles of 94^C for 30 sec, 60**C for 2 min, and 72°C for 60 sec. A higher number of 

10 cycles resulted in smeary gel patterns. PCR products (2.5 ^l) were analyzed on 6% 
polyacrylamide sequencing gel. For double or multiple digestion following adapter 
ligation, 13.2 ^\ of the Ugated cDNA sample was digested with a secondary restriction 
enzyme(s) in a final vol of 20 jul. From this solution, 3;^! was used as template for 
PCR. This template volume of 3 m1 carried 100 pg of the cDNA and 10 mM MgClj 

1 5 (Gcom the 1 0^ enzyme buffer), which diluted to the optimum of 1 ,5 mM m the final 
PCR volume of 20 ^1. Since Mg^^ comes firom the restriction enzyme buffer, it was 
not included in the reaction mixture when amplifying secondarily cut cDNA. 

Production of gene expression profiles generated using all 12 possible anchoring oligo 
d(T)nUitf, 

20 Using the above described methods, RNA was extracted and the cDNA 

profiles prepared using all 12 possible anchoring oUgo d(T)nl, n2. 

Fignre lA is an autoradiogram of the expression profiles generated from 
cDNAs made with RNA isolated Stom control (untreated) Jurkat lymphocytes and 
Jurkat lymphocytes incubated with TPA and PHA. 

25 Figure IB the expression profiles generated fix)m cDNAs made with RNA 

isolated fix)m control (untreated) Jurkat lymphocytes and activated (treated) Juricat 
lymphocytes is an autoradiogram of activated and quiescent Jurkat lymphocytes using 
the RP 8.6 primers. 
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Such autoradiography gels may be scanned using conrunonly available 
equipment, such as a UMAX D-IL scanner. Bands which exhibit altered intensities in 
gene expression profiles from quiescent Jurkat lymphocytes as compared to the gene 
expression profile prepared from activated (treated) Jurkat lymphocytes can then be 
5 extracted from the display gel as previously described above. The isolated firagments 
can then be reamplified using 5' and 3* primers, subcloned into pCR-Script 
(Stratagene) and sequenced using an ABI automated sequencer. Alternatively, bands 
can be extracted (cored) from the display gels, PCR amplified and sequenced directly 
without subcloning. 

10 Example 2 

Production of gene expression profiles generated from cDNAs made with RNA 
isolated from T lymphocytes exposed to Staphylococci or StreptococcL 
Expression profiles from T lymphocytes (Jurkat lymphocytes) exposed to 
virulent and avirulent Staphylococcus aureus and Streptococcus would allow the 
15 identification of T lymphocyte genes that are specifically regulated in response to 
bacterial infection by these organisms, as well as in response to the superantigens, the 
bacterialenterotoxins, they contain. 

T lymphocytes arc cultured as described above in Example 1. The cells are 
then exposed to either Staphylococci or Streptococci or the enterotoxins therefiDm. 
20 When exposing the T lymphocytes to an enterotoxin, the T cells can be directly 
exposed by the addition of cnterotoxin to the culture medium or by addition of 
bacterial cells to the culture mediimi. Before incubation, bacteria are harvested and 
washed in phosphate buffered saline. T lymphocytes are then incubated with the 
bacteria at a ratio which induces activation of the T lymphocjrtes. For instance, a T 
25 lymphocyte:bacteria ratio of 1 :20 would be appropriate in RPMI 1 640 (HEPES 
buffered) in the presence of heat inactivated FBS at 37**C with gentle mixing in a 
rotary shaker bath. 

In instances where an antigen specific response is required, bacterial antigens 
may be presented to the T lymphocytes in the context of class I or class 11 major 
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histocompatibility antigens (MHC). Many methods to present antigen in the context 
of MHC are readily available, including the exogenous loading of bacterial antigens 
onto antigen presenting cells, including macrophages and dendritic cells. Such 
methods include treating an antigen-presenting cell to enhance expression by the cell 

5 of empty major histocompatibility complex molecules, followed by reacting the 
treated antigen presenting cell with an antigen extracorporeally in the presence of a 
photoactivatable agent and irradiation to form an antigen-associated antigen 
presenting cell. (See, e.^., PCT application number US93/1 1220, publication number 
WO 94/1 1016). Other available methods include the production of antigen fusions to 

10 such molecules as the Bordetella pertussis adenylate cyclase (see U.S. Patent 

5.679,784), lysosomal/endosomal targeting sequences (see U.S. Patent 5,633,234), the 
production of empty class n heterodimers comprising antigenic peptides (see U.S. 
Patent 5,583,031), or the use of exogenously loaded immortalized dendritic cells (see 
U.S. Patent 5,648,219). 

1 5 After non-specific activation by exotoxin or antigen specific activation by a 

Staphylococcal or Streptococcal antigen, expression profiles from the activated cells 
as well as a quiescent T lymphocyte control population may be made by any means 
available in the art. Preferably, gene expression profiles are generated as described in 
Example 1. After autoradiography or another means of detection, cDNA bands 

20 corresponding to mKNA species which are differentially expressed are visualized and 
the band(s) isolated or excised for ftirther analysis as in Example 1. 

Example 3 

Production of gene expression profiles generated from cDNAs made with UNA 
25 isolated from human T lymphocytes exposed to ionomycin and sn-'l,!- 

dioctanoylglyceroL 

Human T lymphocytes were isolated using the method of Subramaniam et al, 
(1988) Cell Immunol 116: 439-449. The cells were treated with ionomycin and sn- 
1,2-dioctanoylglycerol (diC8) in the same media conditions as described in Example 
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1 . The concentrations of ionomycine and diC8 used to activated the human T 
lymphocytes were as described in Subramaniam et al 

After incubation, RNA was extracted from the treated and untreated human T 
lymphocytes, and gene expression profiles prepared as described in Example 1. 
Figure 2A is an autoradiogram of the expression profiles generated from cDNAs made 
with RNA isolated from control (untreated) Jurkat lymphocytes and human T 
lymphocytes incubated with ionomycin and diC8. 

As exhibited by Figures 2A-2B, the expression of mRNA species in human T 
lymphocytes exposed to ionomycin and diC8 (as indicated by their corresponding 
cDNA fragments) is modulated compared to the expression of mRNA species of 
unexposed (quiescent) human T lymphocytes. cDNA bands corresponding to mRNA 
species which are differentially expressed upon exposure to ionomycin and diC8 are 
identified by comparing the gene expression profile for the treated T lymphocytes to 
the gene expression profile fit)m the untreated control T lymphocytes and the band(s) 
isolated or excised for further analysis as in Example 1 . 

Example 4 

Production of gene expression profiles generated from cDNAs made with RNA 
isolated from activated human T lymphocytes exposed to cyclosporin. 
The ability to compare gene expression profiles from activated T lymphocytes 
to gene expression profiles prepared from activated T lymphocytes treated or exposed 
to cyclosporin or another immunoinhibitoiy agent allows the identification and 
isolation of mRNA species, and therefore genes, that are differentially expressed upon 
the deactivation of a T lymphocyte population. 

Human peripheral blood quiescent T lymphocytes are acquired accoiding to 
the procedures set forth in Sehajpal et al,, Cell Immunol 120: 195-204 (1989) and 
Subramaniam et al, (1988). An aliquot of the T lymphocyte population is activated 
using diC8 and ionomycin, as described in Example 3. A second aliquot of the T 
lymphocyte population is treated with diC8, ionomycin and cyclosporin A (CsA). 
Gene expression profiles are then prepared from the diC8 and ionomycin treated cells. 
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the diC8, ionomycin and cyclospoiin A treated cells and a control untreated quiescent 
T lymphocyte population according to the methods set forth in Example 1. The 
resulting gene expression profiles are th«i compared to identify cDNA bands 
corresponding the mRNA species that are differentially regulated upon exposure to 
5 cyclosporin. For instance, cDNA species corresponding to mRNA species that are 
either up-regulated or down-regulated in an activated T lymphocyte population upon 
exposure to cyclosporin are isolated or excised for further analysis, as in Example 1 . 

Example S 

Method to identify a therapeutic or prophylactic agent that modulates the response 

10 of a proliferating T lymphocyte papulation. 

The methods set forth in Examples 1 and 3 offer a powerful approach for 
identifying therapeutic or prophylactic agents that modulate the activity of T 
lymphocytes or specific T lymphocyte subpopulations {e,g„ T^y or Thj) to either 
antigen-specific or antigen-nonspecific activation. For instance, an aUquot of a T 

15 lymphocyte population that has been activated via an antigen specific or antigen- 
nonspecific pathway is exposed to the agent to be tested. Gene expression profiles are 
then prepared as set forth in Example 1 . A gene expression profile is also prepared 
fcom a control aliquot of the activated T lymphocyte population that has not been 
exposed to the agent to be tested as well as a quiescent T lymphocyte population. By 

20 examining for differences in the intensity of individual bands between the three gene 
expression profiles, agents which up or down regulate the expression of one or more 
mRNA species in activated T lymphocytes are identified. 

As a specific example, screening for agents which down regulate the 
expression of at least one gene associated with T lymphocyte activation, such as the 

25 htmian serine estaase gene, provides a means for identifying agents which may be 
useful as immunoinhibitory drugs. As set forth in the Table of Figure 4, a cDNA 
band corresponding to the human serine esterase mRNA is among a number of cDNA 
bands that are up-regulated upon T lymphocyte activation. To screen for such agents, 
an aliquot of a T lymphocyte population that has been activated via an antigen specific 
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or antigen-nonspecific pathway is exposed to the agent to be tested. Gene expression 
profiles are then prepared as set forth in Example 1 . Gene expression profiles are 
also prepared from a control aliquot of the activated T lymphocyte population that has 
not been exposed to the agent to be tested as well as a quiescent T lymphocyte 

5 population. By examining for differences in the intensity of individual cDNA bands 
identified as being up-regulated in the TableS of Figures 4 or 5, such as the cDNA 
band corresponding the mRNA encoding hiunan serine esterase, agents which down 
regulate the expression of one or more mRNA species in activated T lymphocytes are 
identified. Agents that down regulate expression of human serine esterase, as 

10 demonstrated by decreased band density in the profile produced from activated T 
lymphocytes exposed to the agent, may be usefiil in modulating the activation of a T 
lymphocyte population. 



Method to identify a therapeutic or prophylactic agent that modulates the response 
1 3 of a T lymphocyte population to a pathogen. 

The methods set forth in Examples 1 and 3 also offer a powerful approach for 
identifying therapeutic or prophylactic agents that modulate the activation of T 
lymphocytes or specific T lymphocyte subpopulations (e.^., T^, or Thj) to a pathogen 
(e.g., a virus, bacteria or fungi) or parasite. An aliquot of an isolated T lymphocyte 
20 population or subpopulation is exposed to a parogen or parasite of interest such as 
Staphylococcus aureus^ a Streptococcus species or Mycobacterium leprae. Exposure 
of the T lymphocyte population to the pathogen or parasite antigens can be facilitated 
by the presentation of pathogen or parasite antigens to the T lymphocyte population in 
the context of class I or class II MHC using commonly available methods, such as 
25 those disclosed in Example 2. A second aUquot of the same T lymphocyte 
population is then exposed to the pathogen or parasite antigens as above in the 
presence of the agent to be tested. Gene expression profiles are then prepared from 
the two aliquots, as well as from a quiescent T lymphocyte population, by the 
methods set forth in Example 1 . By examining for differences in the intensity of 
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10 



15 



20 



individual bands between the three profiles, agents which up- or down-regulate genes 
of interest in the pathogen or parasite exposed T lymphocytes can be identified. Such 
agents can be used, for example, as immunostimulatoiy agents to up-regulate antigen 
specific T lymphocyte activation. 



Method to identify a therapeutic or prophylactic agent that modulates the activity of 
a T lymphocyte population found in a subject having a sterile inflammatory disease^ 
immunodeficiency disorder, autoimmune disorder or T lymphocyte neoplasm. 

The methods set forth in Exan^les 1 and 3 also offer a powerful approach for 
identifying therapeutic or prophylactic agents that modulate the expression of T 
lymphocytes or T lymphocyte subpopulations in subjects exhibiting the symptoms of 
a sterile (non-infectious) inflammatory disease, immimodeficiency disorder, 
autoimmune disorder or T lymphocyte neoplasm (hereinafter in this exanaple to be 
referred to as 'T lymphocyte disease"). T lymphocytes firom a subject exhibiting the 
symptoms of a T lymphocyte disease are isolated according to readily available 
methods, for instance, the methods disclosed in Subramaniam et al^ (1988) Cell, 
Immunol 116: 439-449. 

To test agents for their effects on T gene expression, an aliquot of the T 
lymphocyte population isolated firom the subject is then treated or exposed to the 
agent to be tested. Gene expression profiles are then prepared fix>m the aliquot of the 
T cell population exposed to the agent, firom an aliquot of the same T lymphocyte 
population isolated firom the subject and firom a quiescent T lymphocyte population 
isolated fi^m a normal subject not exhibiting the symptoms of a T lymphocyte disease 
the according to the methods set forth in Example 1 . By examining these profiles for 
differences in the intensity of bands between the three profiles, agents which up- or 
down-regulate genes of interest in a T lymphocyte population fix»m a subject 
exhibiting the symptoms of a T lymphocyte disease can be identified. Agents that up- 
rcgulatc a gene or genes that are expressed at abnormally low levels in a T 
lymphocyte population ftom a subject exhibiting the symptoms of a T lymphocyte 
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disease compared to a normal T lymphocyte population, as well as agents that down- 
regulate a gene or genes that are expressed at abnormally high levels in a T 
lymphocyte population from a subject exhibiting the symptoms of a T lymphocyte 
disease are identified. 

Method of isolating agents that modulate virus infected T lymphocytes. 

The methods set forth in Examples 1 and 3 arc also useful for identifying 
therapeutic or prophylactic agents that modulate the response of T lymphocytes or T 
lymphocyte subpopulations to viral infection. Many viruses demonstrate a tropism 

10 for T lymphocyte populations, including but not limited to HIV and HTLV L 

T lymphocyte populations infected with a given virus are isolated from a 
subject exhibiting symptoms of viral infection. Alternatively, normal uninfected T 
lymphocyte cell lines or uninfected T lymphocytes are isolated from an uninfected 
subject and infected with the virus of interest in vitro. An aliquot of the T lymphocyte 

1 5 population infected with the virus is then exposed to the agent to be tested. 

Expression profiles are then prepared from the treated T virus infected T lymphocyte 
aliquot, an aliquot of the virally infected T lymphocyte population which has not been 
exposed to the agent, and a control population of normal quiescent T lymphocytes 
using the methods described in Examples 1 and 3. The profiles are then compared to 

20 identify agents that beneficially modulate the T lymphocyte response to viral 

infection. For instance, agents are identified that modulate the expression level of at 
least one gene whose expression level is down-regulated upon viral infection. 
Alternatively, agents are identified that modulate the expression level of at least one 
gene whose expression level is up-regulated in response to viral infection. 
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Example? 

Method of isolating agents thai induce differentiation of pre-T lymphocytes and 
cortical or medullary thymocytes. 
The methods set forth in Examples 1 and 3 may be used to identify therapeutic 

5 or prophylactic agents that induce differentiation of pre-T lymphocytes and cortical or 
medullary thymocytes. Pre-T lymphocytes or thymocytes are obtained using flow 
cytometry and antibodies for specific markers that are expressed on these cells. Once 
the pre-T lymphocytes or thymocytes are isolated, an aliquot of the cells are treated or 
exposed to the agent to be tested. An expression profile is then prepared from this 

10 exposed cell population, an aliquot of the same cell population which has not been 
exposed to the agent and a population of differentiated T lymphocytes. This 
population may be selected from the group consisting of cells of the following 
lineages: TH2t Tdth. Tctl, T„2, Tg, memory T lymphocytes, effector T lymphocytes, 
pre-T lymphocytes, cortical T lymphocytes, medullary T lymphocytes, and peripheral 

15 T lymphocytes. The profiles generated from the exposed T lymphocyte population . 
and the control cells are then compared to the expression profiles of the specific 
differentiated T lymphocyte subpopulations (either activated or resting T lymphocyte 
subpopulations) to identify agents that dedicate the pre-T lymphocyte or thymocyte to 
a particular T lymphocyte subpopulation (e.g., Th2, Tdth> Tctlj Th2, Tg, memory T 

20 lymphocytes, efiector T lymphocytes, pre-T lymphocytes, cortical T lymphocytes, 
medullary T lymphocytes, and peripheral T lymphocytes). 

Example IQ 

Production of articles to which are attached or adsorbed selected groupings of 
nucleic acids that correspond to the genes whose expression levels are modulated in 
25 aT lymphocyte population that has been exposed to a pathogen, mitogen, 
immunogen, allergen, antigen, or superantigen. 

As set forth in Examples I and 3, expression profiles from T lymphocytes, for 
example, that have been exposed to a pathogen, mitogen, inmiunogen, allergen. 



• 
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antigen or superantigen yield the identity of genes whose expression levels are 
modulated compared to unexposed T lymphocyte populations. 

Suitable solid supports can be prepared by those skilled in the art that 
comprise immobilized representative groupings of nucleic acids corresponding to the 
5 genes or fragments of the genes from T lymphocytes whose expression levels are 
modulated in response to exposure to a pathogen, mitogen, iramunogen, superantigen 
or antigen. For instance, representative nucleic acids can be immobilized to any solid 
support to which nucleic acids can be immobilized, such as positively charged 
nitrocellulose or nylon membranes (see Sambrook etal, (1989) as well as porous 
10 glass wafers, such as those disclosed by Beattie (WO 95/1 1755). Nucleic acids are 
immobilized to the solid support by well established techniques, including charge 
interactions, as well as attachment of derivatized nucleic acids to siUcon dioxide 
surfaces such as glass which bears a terminal epoxide moiety. A solid support 
comprising a representative grouping of nucleic acids can then be used in standard 
15 hybridization assays to detect the presence or quantity of one or more specific nucleic 
acid species in a sample (such as a total cellular mRNA sample or cDNA prepared 
from said mKNA), which hybridize to the nucleic acids attached to the solid support. 
Any hybridization methods, reactions, conditions and/or detection means can be used, 
such as those disclosed by Sambrook etal., (1989), Avsbeletal., (1987), or 
20 Beattie (WO 95/1 1755). 

One of ordinary skill in the art may detennine the optimal number of genes 
and species of genes should be represented by nucleic acid fitigments immobilized on 
the solid support to effectively differentiate between the gene expression profiles of, 
e.g., T lymphocytes exposed to various pathogens and T cells not exposed to the 
25 pathogens. Preferably, at least about 1, 5, 10, 20, 50. 100, 150, 200, 300, 500, 1000, 
10,000, or more preferably, substantially all of the detectable mRNA species in a cell 
sample or population will be present in the gene expression profile or array affixed to 
a solid support. More preferably, such profiles or arrays will contain a sufficient 
representative number of mRNA species whose expression levels are modulated under 
30 the relevant infection or other exposure. In most instances, a sufficient representative 




wo 99/57130 PCT/US99/09761 

-45- 

number of such mRNA species will be at least about 1, 2, 5, 10, 15, 20, 25, 30, 40, 50, 
50-75 or 100 in number and will be represented by the nucleic acid molecules or 
fragments of nucleic acid molecules immobilized on the solid support. The skilled 
artisan will be able to optimize the number and particular nucleic acids for a given 
5 purpose, i.e., screening for modulating agents, identifying activated T lymphocytes 
and activated T lymphocyte subpopulations, eta 

Example U 

Production of solid support articles comprising groupings of nucleic acids that 
correspond to the genes whose agression levels are modulated in a T lymphocyte 

10 population from a subject having a sterile inflammatory disease^ autoimmune 
disorder, immunodeficiency disorder or T lymphocyte neoplasm. 

The method, compositions and solid support articles set forth in Example 10 
can also be used to prepare a solid support that presents nucleic acids that correspond 
to genes whose expression levels are modulated in T lymphocytes from a subject 

15 having a T lyinphocyte disease compared to normal, quiescent T lymphocytes, to 
prothymocytes, or to various subpopulations of T lymphocytes. Solid supports may 
also be prepared that comprise immobilized representative groupings of nucleic acids 
corresponding to the genes or fragments of said genes from T lymphocytes whose 
expression levels are modulated in the subject. 

20 

Method of diagnosing exposure of a subject to a pathogen. 
Expression profiles of RNA expression levels fix)m T lymphocytes exposed to 
various pathogens or pathogen antigens offer a powerful means to diagnose exposure 
25 of a subject to a pathogen. As set forth in Examples 1 and 3, the display patterns 
generated from cDNAs made with RNA isolated from T lymphocytes exposed to 
pathogenic 5. aureus or Streptococcus may exhibit unique patterns of cDNA species 
corresponding to T lymphocyte mRNA species (genes) whose expression levels are 
modulated in response to contact of the T lymphocytes with the bacteria or with the 
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bacterial enterotoxin. The contacting of T lymphocytes with different species of 
pathogens or pathogen antigen may result in the production of expression profiles that 
are imique to each pathogen species or strain. These unique expression profiles are 
useful in diagnosing whether a subject has been exposed to or is infected with a given 
5 pathogen. 

Briefly, expression profiles are produced as set forth in Example 1 and 3, 
using T lymphocyte samples exposed to various pathogens, such as pathogenic strains 
of Staphylococci or Streptococci. T lymphocytes are then isolated from the subject to 
be tested for exposure to a pathogen and an expression profile prepared from the 

1 0 subject's T lymphocytes by the methods set forth above. The expression profile 
prepared from the subject T lymphocytes can then be compared to the expression 
profiles prepared from T lymphocytes exposed to, for example pathogenic 
Staphylococci or Streptococci, and also compared to expression profiles of cells 
exposed to non-pathogenic strains or quiescent lymphocytes. From such a 

1 5 comparison, it can be detemiined which expression profile most closely matches the 
expression profile prepared from the subject, thereby, diagnosing exposure of the 
subject to a pathogen. 

gx^mpllg 1? 

Method of diagnosing a sterile inflammatory disease^ autoimmune disorders, or 
20 immunodeficiency disorders in a subject. 

Expression profiles of RNA expression levels fix>m T lymphocytes isolated 
fix>m a subject having a sterile inflammatory disease, autoimmime or 
immunodeficiency disorder offer a powerful means to diagnose inflammatory diseases 
psoriasis, iheumatoid arthritis, glomerulonephritis, asthma, allergic rhinitis, 
23 cardiac and renal reperfiision injury, thrombosis, adult respiratory distress syndrome, 
inflanunatory bowel diseases such as Crohn^s disease and ulcerative colitis, 
periodontal disease, etc.). As set forth in Examples 1 and 3, the gene expression 
profiles generated firom cDNAs made with RNA isolated from T lymphocytes fit)m 
subjects having various sterile infianmiatory diseases, autoimmune disorders or 
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immunodeficiency disorders may exhibit xinique patterns of cDNA species 
corresponding to T lymphocyte mRNA species (genes), whose expression levels are 
modulated during the inflammatory process. These unique expression profiles are 
useful in diagnosing whether a subject has a sterile mflammatory disease. 

5 Briefly, expression profiles are produced as previously set forth, using T 

lymphocyte samples isolated from patients with various sterile inflammatory diseases. 
T lymphocytes are then isolated firom the patient to be tested (e.g., diagnosed) and an 
expression profile prepared firom the patient*s T lymphocytes by the methods 
previously set forth. The expression profile prepared fi^om the subject T lymphocytes 

10 can then be compared to the expression profiles prepared fix>m T lymphocytes isolated 
firom patients with various sterile inflammatory diseases, immunodeficiency disorders, 
or autoimmime disorders to determine which expression profile most closely matches 
the expression profile prepared fix)m the patient, thereby, diagnosing whether the 
patient has a sterile inflammatory disease, immunodeficiency disorder or autoimmune 

15 disorder. 



Method of diagnosing graft versus host disease (GVHD) in a subject. 
Expression profiles of mRNA expression levels from T lymphocytes isolated 
fiom a subject suffering firom or possibly suffering firom graft versus host disease 
20 (GVHD) offer a powerful means of diagnosing GVHD prior to the expression of 
severe symptoms. The early detection of GVHD could aid in decreasing the 
morbidity associated with allografts and xenografts. 

Briefly, expression profiles are obtained from an individual who received an 
autologous graft or less preferably, firom a normal person. An expression profile of T 
25 lymphocytes obtained fcom individuals at various stages in the course of GVHD 
would also be obtained. The two expression profiles would then be compared to the 
expression profile obtained fi^m a patient who recently received an allograft or 
xenograft From such a comparison, it can be determined whether the patient is 
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rejecting his or her grafted tissue. Such early detection of GVHD may save the Ufe of 
the transplant recipient 

It should be understood that the foregoing discussion and examples merely 
present a detailed description of certain preferred embodiments. It therefore should be 
apparent to those of ordinary skill in the art that various modifications and equivalents 
can be made without departing from the spirit and scope of the invention. All 
references, articles and patents identified above are herein incorporated by reference 
in their entirety. 
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What is Claimed Is: 

1 . A method to identify a therapeutic or prophylactic agent that modulates the 
response of a lymphocyte population to an antigen, comprising the steps of: 

preparing a first gene expression profile of a quiescent lymphocyte 
5 population; 

preparing a second gene expression profile of a lymphocyte population 
exposed to the antigen; 

treating the exposed lymphocyte population with a candidate compound; 
preparing a third gene expression profile of the treated lymphocyte 
10 population; 

comparing the first, second and third gene expression profiles; and 
identifying as a therapeutic of prophylactic agent a compound that 
modulates the response of a lymphocyte population to the antigen. 

2. The method of claim 1, wherein the lymphocyte is a T lymphocyte. 
15 3. The method of claim 1, wherein the lymphocyte is a B lymphocyte. 

4. The method of claim 2, wherein the T lymphocyte population is selected 
firom the group consisting of a population of Thi, Tdjh* ^crty ^m* Ts, memory T 
lymphocytes, effector T lymphocytes, pre-T lymphocytes, cortical T lymphocytes, 
medullary T lymphocytes, peripheral T lymphocytes, activated T lymphocytes, 
20 quiescent T lymphocytes, and neoplastic T lymphocytes. 

The method of claim 3, whorein the pathogen is selected fix)m the group consisting of 
bacteria, viruses, parasites, mycoplasma, protozoans, and fimgi. 
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5. The method of claim 2, wherein the antigen is selected from the group 
consisting of a pathogen, an antigen derived from a pathogen, an allergen, a 
superantigen or self-antigen. 

6. The method of claim 5, wherein the pathogen is selected from the group 
consisting of bacteria, viruses, parasites, mycoplasma, protozoans, and fiingi. 

7. The method of claim 6, wherein the virus is selected from the group 
consisting of EBV, HIV-1, HTLV-I, HTLV-II, rabies virus, mouse mammary tumor 
virus, cytomegalovirus, poliovirus. Group C adenoviruses, herpes simplex virus, 
cytomegalovirus, rubella, measles, mumps, respiratory syncytial virus, vesicular 
stomatitis virus, influenza A, parainfluenza, and lymphocytic choriomeningitis virus. 

8. The method of claim 2, wherein the T lymphocyte population is exposed to 
the antigen associated with major histocompatibility molecules. 

9. The method of claim 8, wherein the major histocompatibility molecules 
are exposed on the surface of antigen presenting cells. 

10. The method of claim 8, wherein the major histocompatibility molecules 
are selected from the group consisting of Class I MHC and Class II MHC. 

1 1 . The method of claim 9, wherein the antigen presenting cells are selected 
from the group consisting of B lymphocytes, macrophages and dendritic cells. 
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12. A method to identify a thOTpeutic or prophylactic agent that modulates a 
T lymphocyte population found in a subject having a sterile inflammatory disease, 
autoimmune disorder, immunodeficiency disease, cancer, or GVHD comprising the 
steps of: 

5 preparing a first gene expression profile of a T lymphocyte population in a 

subject having the sterile inflammatory disease, autoimmune disorder, 
immimodeficiency disease, cancer, or GVHD; 

treating the T lymphocyte population with a candidate compound; 
preparing a second gene expression profile of the treated T lymphocyte 
10 population; 

comparing the first and second gene expression profiles with a gene 
expression profile of a normal T lymphocyte population; and 

identifying as a ther^eutic of prophylactic agent a compound that 
modulates a T lymphocyte population found in a subject having a sterile inflammatory 
15 disease, autoimmune disorder, inmiunodcficiency disease, cancer, or GVHD. 

13. The method of claim 12, wherein the T lymphocyte population is selected 
from the group consisting of a population of Thj, Tdto, Tcn^ Th2, Ts, memory T 
lymphocytes, effector T lymphocytes, pre-T lymphocytes, cortical T lymphocytes, 
medullary T lymphocytes, and peripheral T lymphocytes. 

20 14. The method of claim 12, wherein the sterile inflammatory disease is 

selected Scorn the group consisting of psoriasis, rheumatoid arthritis, 
glomerulonephritis, asthma, allergic rhinitis, cardiac and renal reperfusion injury, 
thrombosis, adult respiratory distress syndrome, inflammatory bowel disease, Crohn's 
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disease, ulcerative colitis, periodontal disease, lymphocytopenias, autoimmune 
lymphoproliferative syndrome, synovitis, sarcoidosis. DiGeorge's syndrome, Nezelof 
syndrome, severe combined immimodeficiency syndromes, Wiskott-Aldrich 
syndrome. Ataxia-telangiectasia, Cartilage-hair hypoplasia, inununodeficiency with 
5 thymoma, and leukocyte adhesion deficiency 1 . 

15. The method of claim 12, wherein the cancer is selected from the group 
consisting of: precursor T-lymphoblastic lymphoma/leukemia, T lymphocyte chronic 
lymphocytic leukemia/prolymphocytic leukemia, T lymphocyte type large granular 
lymphocyte leukemia. Mycosis fimgoides/Sezary syndrome, xmspecified peripheral T 

10 lymphocyte lymphomas, angioimmunoblastic T lymphocyte lymphoma, nasal type 
T/NK cell (angiocentric) lymphoma, intestinal T lymphocyte lymphoma with or 
without associated enteropathy, hepatosplenic yST lymphocyte lymphoma, 
subcutaneous panniculitic T lymphocyte lymphoma, adult T lymphocyte 
lymphoma/leukemia, an^lastic large cell lymphoma, T lymphocyte hairy cell 

1 5 leukemia, and T lymphocyte chronic lymphocytic leukemia. 

1 6. The method of claim 12, wherein the immunodeficiency disease or 
autoimmune disorder is selected from the group consisting of: rheumatoid arthritis, 
spondyloarthropathies, systemic lupus erythematosus, HIV-1, polymyositis, inclusion 
body myositis, SCIDs, Wiskott-Aldrich syndrome, Swiss-type agammaglobulinemia, 

20 thymic alymphoplasia. Ataxia Telangiectasia, bare lymphocyte syndrome, immune 
deficiency with thymoma, transient hypogammaglobulinemia of infancy, DiGeorge's 
syndrome, Nezelof s syndrome, autosomal recessive lymphopenia with normal or 
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abnormal immunoglobulins, Omenn's syndrome, and idiopathic CD4-f 
lymphocytopenia. 

17. A article of manufacture comprising a grouping of nucleic acids affixed to 
a solid support, said nucleic acids corresponding to genes whose expression levels are 

5 modulated in a T lymphocyte population that has been exposed to an antigen. 

18. An article of manufacture comprising a grouping of nucleic acids affixed 
to a soUd support, said nucleic acids corresponding to genes whose expression levels 
are modulated in a T lymphocyte population found in a subject having a sterile 
inflammatory disease, autoimmune disorder, immunodeficiency disease, cancer, or 

10 GVHD. 

19. A method of diagnosuig exposure of a subject to an antigen comprising 
the steps of: 

preparing a first gene expression profile of a T lymphocyte population 
from the subject; 

15 comparing the first gene expression profile to a second gene expression 

profile of a T lymphocyte population exposed to an antigen and to a third gene 
expression profile of a normal T lymphocyte preparation; and 

determining if the subject was exposed to an antigen. 

20. The method of claim 19, wherein the antigen is a pathogen, antigen 
20 derived firom a pathogen, allergen, superantigen or self-antigen. 
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21 . A method of diagnosing a sterile inflanunatory disease, autoinnnune 
disorder, immunodeficiency disease, cancer, or GVHD in a subject, comprising the 
steps of: 

preparing a first gene expression profile of a T lymphocyte population 
5 Scorn the subject; 

comparing the first gene expression profile to at least one second gene 
expression profile from a T lymphocyte population from a subject having a sterile 
infiammatoiy disease, autoimmune disorder, immunodeficiency disease, cancer, or 
GVHD and to a third gene expression profile of a normal T lymphocyte population; 
10 and 

determining if the subject has a sterile inflammatory disease, 
autoimmune disorder, immunodeficiency disease, cancer, or GVHD. 



22. A niethod to identify a ther^eutic or prophylactic agent that modulates a 
T lymphocyte population that arises firom a genetic defect, comprising the steps of; 
1 S preparing a first gene expression profile of a T lymphocyte population 

that arises from the genetic defect; 

treating the first T lymphocyte population with the agent; 

preparing a second gene expression profile of the treated T lymphocyte 

population; 

20 comparing the first and second gene expression profiles with a gene 

expression profile of a normal T lymphocyte population; and 
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identifying agents that modulate a T lymphocyte population that arises 
from a genetic defect. 

23. The method of claim 22, wherein the T lymphocyte population is 
selected from the group consisting of a population of T„, cells, Tjq cells, Tdth cells, 

5 TcTL cells, Ts cells, memory T lymphocytes, effector T lymphocytes, pre-T 
lymphocytes, cortical T lymphocytes, medullary T lymphocytes, peripheral T 
lymphocytes, neoplastic cells, LAK cells, and TIL cells. 

24. The method of claim 22, wherein the genetic disease is selected from 
the group consisting of: irritated valve disease, Crohn's disease, asthma, 

10 lymphocytopenia, autoimmune lymphoproliferative syndrome, rheumatoid arthritis, 
DiGeorge syndrome, Nezelof syndrome, SGDs, Wiskott-Aldrich syndrome. Ataxia- 
telangiectasia, Cartilage-hair hypoplasia, immunodeficiency with thymoma, leukocyte 
adhesion deficiency 1, graft vs. host disease, non-Hodgkin*s lymphoma, Hodge's 
disease, cutaneous T lymphocyte lymphoma, adult T-cell leukemia/Iymphoma, 

15 anaplastic large cell lymphoma, chronic lymphocytic leukemia, prolymphocytic 
leukemia, small cell cerebriform (mycosis fimgoides, Sezary syndrome), 
lymphoepithelioid (Lennert's lymphoma), angioimmunoblastic (AILD, LgX), T-zone 
lymphoma, pleomorphic — small cell (HTLV-I ±). 

25. A article of manufacture comprising a grouping of nucleic acids 

20 affixed to a solid support, said nucleic acids corresponding to genes whose expression 
levels are modulated in a T lymphocyte population that contains a genetic defect. 
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26. A method to identify an agent that induces the diflferentiation of 
quiescent pre-T lymphocytes, cortical T lymphocytes or medullary T lymphocytes 
into a differentiated T lymphocyte subpopulation, comprising the steps of: 

preparing a first gene expression profile of a quiescent pre-T 
5 lymphocyte population, cortical T lymphocyte population or medullary T lymphocyte 
population; 

preparing a second gene expression profile of a quiescent pre-T 
lymphocyte population, cortical T lymphocyte population or medullary T lymphocyte 
population exposed to a candidate compound; 
1 0 preparing a third gene expression profile of a differentiated T 

lymphocyte population; 

comparing the first, second and third gene expression profiles; and 
identifying as an agents a compound that induces differentiation. 

27. The method of claim 26, wherein the differentiated T lymphocyte 
15 population is selected from the group consisting of a population of Thi cells, Th2 

cells, Tdth cells, T^tl cells, Tg cells, memory T lymphocytes and effector T 
lymphocytes. 

28. An isolated nucleic acid molecule comprising a DNA molecule 
selected firom the group consisting of: (1) the DNA molecules of SEQ ID NOS. 16, 

20 22, 24, 25, 31, 33, and 34; and (2) a nucleic acid that specifically hybridizes to any 
one of the DNA molecules of SEQ ID N0S.16, 22, 24, 25, 31, 33. and 34. 

29. The isolated nucleic acid Segment of claim 26 which consists of any 
one of the DNA molecules of SEQ ID NOS. 16, 22, 24, 25, 31, 33, and 34. 



• 
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30. The isolated nucleic acid of claim 26, wherein the specifically 
hybridizing nucleic acid is of the form R-X-R* 

wherein X is any one of the DNA molecules of SEQ ID N0S.16, 22, 
24.25,31,33, and 34; 
5 wherein R and R' are sequences contiguous with X; and 

wherein R and R' may or may not be contiguous. 

31. A vector comprising the isolated nucleic acid molecule of any one of 
claims 28 to 30. 

32. A transformed host cell comprising the vector of claim 31 . 

10 33. The isolated nucleic acid molecule of claim 28, comprising the DNA 

molecule of SEQ ID NO. 34 or a nucleic acid that specifically hybridizes to that 
DNA molecule. 
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* PARTIAL PATTERNS SHOWN REPRESENT APPROXIMATELY 
5% OF COMPLETE PATTERN (ALL GENES EXPRESSED). 
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SEQUENCE LISTING 



<110> Gene Logic, Inc., c/o Dr. Larry Tiffany 

<120> Process to Study Changes in Gene Expression in T 
Lymphocytes 

<130> gene logic 5004pr expression T lymphs 

<140> 60/084,329 
<141> 1998-05-05 

<160> 44 

<170> Patentin Ver. 2.0 

<210> 1 
<211> 238 
<212> DNA 

<213> JurJcat cell cDNA 
<4 00> 1 

gatcctatgt nccccccagg cggctggcan tncccacggg aagtgtccac tgaggtccct 60 
gagatggata cctctacctg acatggcctg aagatgcagg gcagaggaat tgcccatgga 120 
cagtgacgca aggactaggc tgggagggag cgtgccaacc ccttttgcct ctgggtttgg 180 
ggagcggagg gcctcttctt ggtgccctgc ccccaataaa ggaactggac naagagat 238 

<210> 2 
<211> 174 
<212> DNA 

<213> Jurkat cell cDNA 
<400> 2 

gatctcatga tgtggctgtt gggaagatgg tggggtttgt ttgccagctt ggagtcctat 60 
taaatgaaag ccagcaactc atgttggtaa taggtctact gtgggaacag ttatccctaa 120 
ccacagctca aaatcgctat catctttagn caaattaaaa tctatgtggc agcg 174 

<210> 3 
<211> 175 
<212> DNA 

<213> Jurkac cell cDNA 
<:400> 3 

gatctggtga ctggcttttc gttctgtgtt cttggcttcc taaatttatc tgcccatatg 60 
attctcatgc atttgatatt tatgtttaaa agtgtttata tatgtatgta aaaagggaac 120 
catatgtttt gagaatttgt aaagtgagag acatgatcct attaaaataa gaagg 175 



<210> 4 



1 
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<211> 285 
<212> DNA 

<213> Jurkat cell cDNA 
<400> 4 

gatcctccat ggcccagcaa ggcccaagat aaatccttna ccacccaggc accctgtgag 60 
cccaacaggt taatcagtcc attaatttta gtgggacctg catatgttga aaattaccaa 120 
tactgactga catgtgatgc tgacctatga taaggttgag tatttattag atgggaaggg 180 
aaatttgggg attatttatc ctcctgggga cagtttgggg aggattattt attgtattta 240 
tattgaatta tgtacttttt tcaataaagt cttatttttg tggcg 285 

<210> 5 
<211> 182 
<212> DNA 

<213> Jurkat ceil cDNA 



gatctgaaac ccaggttagg catgacattt canccccaaa ccctacctca tctgtnctga 60 
aagacgctga aactncctgg gatgttttcg ggnacaagaa tgtanatttn ccctatccct 120 
gnacttggtt taatcnaatc aatgtgtgta ttagaataaa agtcacagca tcccaaaagc 180 



<210> 6 . 
<2ia> 130 
<212> DNA 

<213> Jurkat cell cDNA 
<400> 6 

caggatctta aaaatcccag ccatctaaat atgtttccca actccattaa gtaaggtaaa 60 
ataatatttg tatttatgtt cagatgttga agctgtcatt ctcgaataaa actacacttt 120 
agaaatggcg 130 

<210> 7 

<211> 361 

<212> DNA 

<213> Jurkat cell cDNA 



gatctttcga ggccaggtgc ccaggtcttt catcaagagc cccatttcca agtgctcagt 60 
ancccctttt ggccagtgcn cccccaccac atgggacaag cgcaggtcca gtggcctccc 120 
cagctgaccg caggcaggga acaaggcaga ccctagaggg ccaggccaca gcaggggctg 180 
aggatgcctg gtgaatggat gcctgggaga atggatgcca gaattcacgc atgaggctct 240 
gaacagggct gggaaaactt ccaaacgaag ggaagctcat gtcttggtgc actttgtgat 300 
gatgcttcaa cagcaggact gagatgggga catttacaat aaacagaaat gtatgggctc 360 



<400> 5 



eg 



182 



<400> 7 



361 



<210> 8 
<211> 176 
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<212> DNA 

<213> Jurkat ceil cDNA 



<400> 8 

ggatcttgca cgtatctgtt ttcctccccc 

tcaggccgtg cttgttagta ctatatcacc 

aatgtcgcac tgtattccaa ataaagggta 

<210> 9 
<211> 128 
<212> DNA 

<213> Jurkat cell cDNA 



atgaactaga aaaccactta ctcccagaat 60 
aagtccattc atttaatgat ccaaaactgt 120 
aaaacagaac caaagttata actccg 176 



<400> 9 

gatcaattct atgtctgact ttgaaattcc 
accataaagt aacatccaag tgtctcacgg 
aatttccg 

<210> 10 
<211> 138 
<212> DNA 

<213> Jurkat cell cDNA 



atttacaatg tagtatgttt tcaatgnnaa 60 
cttgttggga aggtaatttt aaaataaaac 120 

128 



<400> 10 

gatcaagtca ctgcatgttg agaagtatag 
tatttatgta gtttcttcac attttatgtg 
agaggtggag tggaagcg 



gtataacttg tgaccatatc acagctcctt €0 
tacaatcaag catgcctgct gaccaaggcc 120 

138 



<210> 11 
<211> 271 
<212> DNA 
<213> Jurkat 



cell cDNA 



<400> 11 

gatctcaaca ttgttggttt cttttgtttt 
attacatctt tgcagttctg ttaggtgctc 
tttcatgaga cagtcatttt taactaatga 
tggaatgcac aaaattgtgt aggtgctgaa 
tacaacccta taataaattt tactctatac 



tcatttggta caactttctt gaatttagaa 60 
tgtaattaac ctgacttata tgtgaacaat 120 
agtgattctt tctcactact atctgtattg 180 
tgctgtaagg agtttaggtt gtatgaattc 240 
g 271 



<210> 12 
<211> 186 
<212> DNA 
<213> Jurkat 



cell cDNA 



<400> 12 

gatccaaaac tatttgggan atgtatgggt agggtaaatc agtaagaggt gttatttgga 60 
accttgtttt ggacagttta ccagttgcct tttatcccaa agttgttgta acctnctgtg 120 
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atacgatgct tcaagagaaa atgcggttat aaaaaatggt tcagaattaa acttctaatt 180 
cattcg 186 



<210> 13 
<211> 171 
<212> DNA 
<213> Jurkat 



cell cDNA 



<400> 13 

ggatctgacc tccacggagc cgctgtcccc gcccccctgc tcccgtctgt ctgtcctgtc 60 

tgattctctt aggtgtcatg ttcttttttc tgtcttgtct tcaacttttt ttaaaacta'g 120 

attgctttga aaacatgact caataaaagt ttcctttcaa tttaaacacc g 171 

<210> 14 
<211> 151 
<212> DMA 

<213> T lymphocyte cDNA 

r 

<400> 14 

agctccagaa gcgcttggac aggctggagg agacagtcca ggccaagtag agccccacag 60 
ggcctccagc agggtcagcc attcacaccc atccactcac ctcccattcc cagccacgtg 120 
gcagagaaaa aaatcataat aaaatggctt t 151 



<210> 15 
<211> 148 
<212> DNA 

<213> T lymphocyte cDNA 



<400> 15 

ttnngctacc tgngtccaag tcttggcttn 

gggtggggtg aggggatgga gagggagggc 

tgagtttgtt gatttaaata aagaattt 



ccctttccan tcacttcact gtgcgctaag 60 
tgcctaccat ggtctggggc ttgaggaaga 120 

148 



<210> 16 
<211> 194 
<212> DNA 

<213> T lyn5>hocyte cDNA 



<400> 16 

ctantrtaga tacgtccana nccaggaccg 
tgccagcctg agcctgcatg gtgccgccga 
cttcaaggcg gcctctacct tttctcagaa 
aaataaaatt tatg 



ctgagaactg ggacagtttc ctgggatgag 60 
gcccggggtg gaggagggag ccaggcttcg 120 
tggtttcctg attgtgtcaa tgtgaaagtt 180 

194 



<210> 17 
<211> 116 
<212> DNA 

<213> T lymphocyte cDNA 
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<400> 17 

cactgtnnng aacggtcntg cnangtanna ngncttctgc cnangnntct cnctncancc 60 
aanaggcanc tttcntannt atcctaacaa gccttggacc aaatggaaat aacagc 116 

<210> 18 
<211> 212 
<212> DNA 

<213> T lymphocyte cDNA 



<400> 18 

gctttattgg agagatacac acaaaggctg 
atgtttttct cactgtcctt ctgcatgacc 
gtgacatgga ctcgccgttc tcgcagggca 
acttcaagcc cctgatgctc ctggcatgag 



tccactcact tccataattt cttgatggac 60 
ttggctactg ccatctcaaa gtcctcctga 120 
tacatgccag cttctgtgca cacgcccttc 180 
ct 212 



<210> 19 
<211> 189 
<212> DNA 

<213> T lymphocyte cDNA 



<400> 19 

tgcatttatg gaaggcacat tacaggtctt 
gcaattaaga gagctcaaat aatggggttt 
ctcaaggacc ctaaagtttg taacatcaga 
taataaact 



tgtgggaaga aacagaaaga aatcacaaaa 60 
atgccagtta catacaagga tcctgcatat 120 
tatcgggaat aaattctatc acgttaccac 180 

189 



<210> 20 
<211> 219 
<212> DNA 

<213> T lymphocyte cDNA 



<400> 20 

antgnaggga aagctatgaa aggtgccggc ggatctacaa catggaaatg gctcgcaaga 
tcaacttctt gatgcgaaag aatcgggcag atccgtggca gggctgctga ggcctgtggg 
tgggacaccc agtgcgaaac cctcatccag ttttctctcc atctcttttc tttgtacaat 
cccatttcct attaccattc tctgcaataa actcaaatc 

<210> 21 
<211> 285 
<212> DNA 

<213> T lymphocyte cDNA 
<400> 21 

agctcctccc tctggtggtg cttcctcagg gcccaccatt gaagaggttg attaagccaa 60 
ccaagtgtag atgtagcatt gttccacaca tttaaaacat ttgaaggacc taaattcgta 120 
gcaaattctg tggcagtttt aaaaagttaa gctgctatag taagttactg ggcattctca 180 
atacttgaat atggaacata tgcacagggg aaggaaataa cattgcactt tataaacact 240 



60 
120 
180 
219 
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gtattgtaag tggaaaatgc aatgtcttaa ataaaactat ttaaa 285 

<210> 22 
<211> 195 
<212> DNA 

<213> T lymphocyte cDNA 
<400> 22 

ctantttaga tncgtccaca gccaggaccg ctgagaactg ggacagtttc ctgggatgag 60 
tgccagcctg agcctgcatg gtgccgccga gcccggggtg gaggagggag ccaggcttcg 120 
cttcaaggcg gcctctacct tttctcagaa tggtttcctg attgtgtcaa tgtgaaagtt 180 
aaataaaatt tatgt X9S 

<210> 23 
<211> 180 
<212> DNA 

<213> T lymphocyte cDNA 
<400> 23 

tttgtgccgt ctctccattc cactgcctgt tgcagagttt ttctgtaact aagggggttg 60 
aggttattgt agacgttaga ttgcgggcac cgccagggat tttgcagcgc ttcagtgtac 120 
gtgttagaga atattggaaa agcgtctgtg agccccgtgc tgtattttgt aataaagtct 180 

<210> 24 
<21X> 138 
<212> DNA 

<213> T lyn^hocyte cDNA 
<400> 24 

aggntctctg agcacttacc gggcgtgacc gtttcttagg tgtgagaggg gctgtggctt 60 
ttgtgcagcg actatgttgg tgttaggggt ggtgtggaga ttgttaatct tgtataaagc 120 
aattcaataa attgtttc 138 

<210> 25 
<211> 74 
<212> DNA 

<213> T lymphocyte cDNA 
<400> 25 

cgagnngcaa ncttctgagg cggtgtgtgc acaagccttt cagggggcac attcacaagt 60 
acctgttgtg tccc 74 

<210> 26 
<211> 119 
<212> DNA 

<213> T lymphocyte cDNA 
<400> 26 
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tgtntccntg naagggncct tgcanagtaa tagggcttct gcctaagcct ctccctccaa 60 
gccaataggc agctttctta actatcctaa caagccttgg accaaatgga aataaagct 119 

<210> 27 
<211> 253 
<212> DNA 

<213> T lymphocyte cDNA 



gtgnnccagt cttgncttgn ccaccgccca gnnacangct gntcngnatn antatgaaga 60 

gctcaatgtc tggcaggtca atgcttcccg gacacggatc acttttgtct gattccagcc 120 

tgcttgcaac cctggggtcc tcttgttccc tgctggcctg ccccttggga aggggcagtg 180 

atgcctttga ggggaaggag gagcccctct ttctcccatg ctgcacttac tccttttgct 240 



<210> 28 
<211> 344 
<212> DNA 

<213> T lymphocyte cDNA 
<400> 28 

cgagtgtagc acaancatnc gacnggcgac ttcgccantin tcatcctttn tgggaacanc 60 
aanatacann ctccatttct ggagtcnggg tcttccgaag ccaggagctt gcctttccgc 120 
tgagtccana ttggcaggtg gactacgagt catacacatg gcggaaactg gatcctggca 180 
gtgaggagac ccagacgctg gttcgagagt acttttcctg ggagggggcc ttccagcatg 240 
tgggcaaagc cttcaatcag ggcaagatct tcaagtgaac atctcttgcc atcacctagc 300 
tgcctgcacc tgcccttcag ggagatgggg gtcattaaag gaaa 344 

<210> 29 

<211> 456 

<212> DNA 

<213> T lymphocyte cDNA 



agtgtntgcc cagggctctg atgtgtcnct canagcttgn nnagcctgac acagctgtct 60 
tgtgagggac tgagatgcag gatttcttca cgcctcncct ttgtgacttc aanagcctct 120 
ggcatctctt tctgcaaagg cacctgaatg tgtctgcgtc cctgttagcn taatgtgagg 180 
aggtggagag acagcccacc cntgtgtcca ctgtgacccc tgttcccatg ctgacctgtg 240 
tttcctcccc agtcatcttt cttgttccag agaggtgggg ctggatgtct ccatctctgt 300 
ctcaacttta ngtgcactga gctgcaactt cttacttccc tactganaat aagaatctga 360 
atatacattt gttttcccaa atatttggca tgaaaaggtt ntggataant taataagcca 420 
ttcccgggat tttgggaaan caanttttac ctnnga 456 

<210> 30 
<211> 122 
<212> DNA 

<213> T lymphocyte cDNA 



<400> 27 



aataaaagtg ttt 



253 



<400> 29 
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<400> 30 

cgtggngctc aagtcttnan ctgcccnacg 
tgaccatttg acttgannca cangtgaatc 
tt 



ggatcaaacc tttcnggcct gtnatgattc 60 
tttctcctgg tgactcaaat aaaagtataa 120 

122 



<210> 31 
<211> 320 
<212> DMA 

<213> T lymphocyte cDNA 



<400> 31 

aggnanagtc catggggctg ccaacttcag 

agttcatgga tcaacatccg gagatggatt 

tttttcctcc ctgaactctt ggggctgagc 

ctctgggact tgtgggcctc agggcttggg 

tcccggggca tcaggagaaa ggctgggtct 

gttacacatt aaaacgattt 

<210> 32 
<211> 116 
<212> DMA 

<213> T lymphocyte cDNA 



acgaacagaa gaaacaggag attctgaaga 60 
tttccaaggc taaattcaac tagcccctgt 120 
tgcaaccacc caactttctt tcccactctt IBO 
gcaggcatgg gactggccca ggcacacagg 240 
tgggaccttg tcctccccag ttggcctact 300 

320 



<400> 32 

gtgggtccaa gtctttgttt gnnctaagat ttgtnngctc tcagacngtg taaaacaaaa 60 
tttattcatg ttttctgcat attaaaaaat cttattgtac caactggtaa actatt 116 



<210> 33 
<211> 210 
<212> DMA 

<213> T lymphocyte cDHA 



<400> 33 

tgtctccagg atctcatgag ccgcnacgtg 
ntggggcaaa tcgccacctg tacctttcct 
anggcccacg ctggggaaag cgggaagcgc 
tgcctggatc ccggcagaag ctatgaaagg 

<210> 34 
<211> 155 
<212> DMA 

<213> T lyn^hocyte cDMA 



ttnagagggt cnncatcata cgggggangg 60 
ctggccctgc tgcccccaca cccaactccg 120 
tcgctccctt tcccccatta gtgctctctc 180 

210 



<400> 34 

tancntgnta cactcgntaa agaagagcan 
actaacgccc ncgcatgtgc atgaaacacc 
gggagaggtg ccagcaactg aataaatacc 



gatcangcna ctatactana ngttagcatc 60 
ttctctgcnc gccnattcca natttacact 120 
tctta 155 
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<210> 35 
<211> 19 
<212> DNA 

<213> 5' sequence for primer 
<400> 35 

ctctcaagga tctaccgct 19 

<210> 36 
<2H> 20 
<212> DNA 

<213> 5* sequence for primer 



<210> 37 
<211> 20 
<212> DMA 

<213> 5' sequence for primer 
<400> 37 

taataccgcg ccacatagca 20 

<210> 38 
<211> 55 
<212> DNA 

<213> 1-base anchored oligo(dT) primer 



<210> 39 
<211> 40 
<212> DNA 

<213> 2-base anchored oligo<dT) primer, RP5.0 
<400> 39 

ctctcaagga tcttaccgct tttttttttt ttttttttat 40 

<210> 40 
<211> 40 
<212> DNA 

<213> 2-base anchored oligo{dT) primer, RP6.0 



<400> 36 

cagggtagac gacgctacgc 



20 



<400> 38 

acgtaatacg actcactata gggcgaattg ggtcgacttt tttttttttt ttttv 



55 



<400> 40 

taataccgcg ccacatagca tttttttttt ttttttttcg 



40 
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<2ia> 41 

<211> 40 
<212> DMA 

<213> 2-base anchored oligoldT) primer, RP9.2 
<400> 41 

cagggragac gacgctacgc tttttttttt ttttttttga 40 

<210> 42 
<211> 25 
<212> DMA 

<213> adapter oligonucleotide Al 



<210> 43 
<211> 29 
<212> DNA 

<213> adapter oligonucleotide A2 
<400> 43 

gatcctggcc gtcggctgtc tgtcggcgc 29 

<210> 44 

<211> 40 

<212> DNA 

<213> PGR primer 



<400> 42 

tagcgtccgg cgcagcgacg gccag 



25 



<400> 44 

tgaagccgag acgtcggtcg tttttttttt ttttttttvn 



40 
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